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INTEGRATED DIGITAL CONTROL SYSTEM AND METHOD FOR 
CONTROLLING AUTOMOTIVE ELECTRIC DEVICE 



TECHNICAL FIELD AND PRIOR ART OF THE INVENTION 

5 The present invention relates to an integrated digital control system and 

method for an automotive electrical device, and more particularly, to an 
integrated digital control system and method for an automotive electrical device 
in which a vehicle is separated into logic regions, and input and output 
elements of the separated logic regions are divided to enable digital integration. 

10 The conventional automotive electrical device is provided In a 

centralized manner in which there are mounted a switchboard, control switches, 
etc. with a central instrument panel. Input lines and control lines are wired along 
and/or wittiin a frame of the vehicle and coupled with tine use of connectors. In 
buses, since the electric devices are provided to the rear of the bus, It is 

15 common to require the use of one hundred or more thick wires that are ten 
meters or more in length. Because such a large number of wires are positioned 
through the use of connectors within the frame, many electrical wiring problems 
result, the repair of which is difficult. 

Further, since electronic control units of the conventional vehicle are 

20 individually mounted on an analog foundation, integrated control is not possible. 
Also, integration of the electronic control units is not possible because Input and 
output for control of each unit is independently processed. Accordingly, many 
electronic control units, and a large number of wires and connectors are 
needed in the conventional automotive electrical device. The resulting 

25 complicated circuit structure makes for the more frequent occun^ence of 
malfunctions and difficult repair. 

FIG. 1a shows a schematic view of conventional frame wiring used to 
connect control switches, an instrument panel, a switchboard and output 
elements at a front of a bus to sensors. FIG. 1b shows a schematic view of 

30 conventional frame wiring used to connect output elements of an engine and 
sensors, and sensors and output elements provided throughout tiie remainder 
of the bus. 

The output elements refer to parts tiiat are controlled by electric power 
of the vehicle. The output elements include lamps, coils, electric motors, and 

35 assembly parts. The sensors Include an oil meter sensor, a fuel meter sensor, a 
temperatijre meter sensor, an intemal temperature sensor, etc. That is, the 
sensors are input elements mounted to the vehicle and which variably perform 
the display of different states of the vehicle. The sensors also include pulse 
sensors for generating pulses according to varying states such as an RPM 

40 pulse sensor, a KM pulse sensor and an ABS sensor. Additionally Included as 
sensors are all Input elements such as a brake light switch, an air deficient 
switch, a parking light switch, and" various switch" "sensoris" that" ai-ie On/Off 
operated such as a coolant level sensor. 
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As an example, wiring between a temperature gauge and a 
temperature sensor will be described. A connector 1 of driver compartment 
wiring is connected to the temperature gauge of the instrument panel. A 
connector 2 of the driver compartment wiring is coupled to a connector 5 of a 
5 lower wiring of FIG. 1 b. The lower wiring circles around a lower portion of the 
bus leading to the rear of the same. A connector 6 at the rear of the bus is 
connected to the temperature sensor, thereby interconnecting the temperature 
gauge and sensor. 

As another example, the connection between control switches and 

10 interior lights will be described, interior light switches are connected to a 
connector 4 of the switchboard as shown in FIG. la. After passing through 
relays and fuses of the switchboard then the driver compartment wiring, 
connection to an upper wiring is realized through the connector 2 and a 
connector 3. That is, through the connectors 2 and 3 which provide an outlet for 

15 the driver compartment wiring, and connectors 7, 8 and 9, the connection 
between the control switches and interior lights is completed. 

Further, since direct mechanical connections are used by the 
conventional automotive electrical device, many controllers and parts mu6i be 
added to enable automatic control of the electrical device. 

20 The most difficult area of control in a control method of the conventional 

automotive electrical device is that of automatic malfunction detection. This is a 
result of the sensors and output elements being directly and individually 
connected. For example, a hydraulic pressure sensor and a hydraulic pressure 
gauge are connected using many connectors and sections of wiring. If a short 

25 is generated in an input wire of the sensor, a short circuit state occurs in all the 
elements connected to the input wire (the remainder of the wire, hydraulic 
pressure gauge, etc.). In this case. It is difficult to determine the source of the 
short circuit (i.e., whether it originates from the wiring itself, connectors, gauge, 
or other devices used as input by the hydraulic pressure sensor). 

30 Using a charge malfunction as another example, elements that can 

cause a charge malfunction include a voltage regulator, a generator and a 
battery. In more detail, a charge malfunction can be caused by problems in the 
elements just mentioned, corresponding fuses, connections, and indirectly by 
problems in belts rotating the generator (i.e.. an engine pulley belt, an idle 

35 pulley belt and a generator pulley belt). Since detection In all these areas is 
required to enable the determination of the actual cause of malfunction, it is 
next to impossible to realize automatic detection of a charge malfunction. 

The instrument panel displays the driving state of the vehicle and 
includes a speedometer, an rpm gauge, a temperature gauge, a voltage gauge, 

40 various warning lights, etc. The connection of the many sensors directly to the 
instrumental panel in the driver's compartment further complicates the wiring of 
the vehicle. Further, since the control switches are operated through direct 
control of a plurality of devices and controllers, much wiring, many connectors. 
- and many-mechanically operated switches are needed. — .. . 

45 Lastly, because it is not possible to check the states of the devices and 
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parts, automation of the electrical device is unrealizable. 

PROBLEM TO BE SOLVED BY THE PRESENT INVENTION 

The present invention has been made in an effort to solve the above 
problems. 

5 It is a first object of the present invention to provide an integrated 

infonnation networl< in which a plurality of vehicles are connected to the 
network, and states, location, etc. are automatically and remotely analyzed to 
provide Information on optimal performance of the vehicles. 

It is a second object of the present invention to provide an integrated 

10 digital control system and method for an automotive electrical device in which 
all electrical devices of a vehicle are Integrally and digitally controlled. 

It is a third object of the present invention to provide a method in which 
a vehicle is separated into logic regions and all parts of an automotive electrical 
device are divided into logic regions. 

15 It is a fourth object of the present invention to provide an integrated 

digital control system and method for an automotive electrical device in which 
conventional wiring, connectors and electronic control units are not used, but 
Instead parts of a vehicle are independently provided such that repair and 
replacement are easily performed. 

20 It is a fifth object of the present invention to provide an integrated digital 

control system and method for an automotive electrical device in which circuitry 
of the vehicle is not realized by the conventional method where parts are 
connected by wires, and instead is realized by each independent division and 
method being provided in a memory such that improvements to the vehicle can 

25 be easily made without consideration to the effect on various other parts. 

It is a sixth object of the present invention to provide a method in which 
all malfunctions in an automotive electrical device can be automatically 
detected according to part, and all division information is shared. 

It is a seventh object of the present invention to enable the use of an 

30 operating system in a central controller to, in turn, enable control by referencing 
integrated code data in the operating system, thereby allowing easy 
development of an application program. 

It is an eighth object of the present invention to digitize an automotive 
electrical device to enable use of digital equipment such as computer software 

35 and hardware. 

It is a ninth object of the present invention to enable the transmission 
and reception of automotive information through the Internet such that 
integrated code data communication between vehicles themselves, vehicles 
and offices, etc. is possible such that states of a vehicle can be remotely 

40 checked, analyzed and controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG: la is~a' schematic viefW'of conventional frdme wiring'lisisd to" 
connect control switches, an instmment panel, a switchboard and output 
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elements at a front of a bus to sensors; 

FIG. lb is a schematic view of conventional frame wiring used to 
connect output elements of an engine and sensors, and sensors and output 
elements provided throughout the remainder of the bus; 
5 FIG. 2 is a block diagram of an integrated digital control system for an 

automotive electrical device according to a preferred embodiment of the 
present invention; 

FIG. 3 is a detailed block diagram of auxiliary controllers of FIG. 2; 

FIG. 4 is a flow chart of an input processing routine of auxiliary 
10 controllers of FIG. 2; 

FIG. 5 is a flow chart of a sensor malfunction detection routine of 
auxiliary controllers of FIG. 2; 

FIG. 6 is a flow chart of a device malfunction detection routine of 
auxiliary controllers of FIG. 2; 
15 FIG. 7 is a flow chart of a current input routine of devices connected to 

output ports of auxiliary controllers of FIG. 2 

FIG. 8 Is a flow chart of a state input routine of auxiliary controllers of 

FIG. 2; 

FIG. 9 is a flow chart of a position control motor malfunction detection 
20 routine of auxiliary controllers of FIG. 2; 

FIG. 10 is a flow chart of a motor position control routine of auxiliary 
controllers of FIG. 2; 

FIG. 11 is a flow chart of a sensor short detection process according to 
a preferred embodiment of the present invention; 
25 FIG. 12 is a flow chart of a sensor wire disconnection detection process 

according to a preferred embodiment of the present invention; 

FIG. 13 is a flow chart of a sensor error detection process according to 
a preferred embodiment of the present invention; 

FIG. 14 is a flow chart of a sensor operational frequency detection 
30 process according to a preferred embodiment of the present invention; 

FIG. 1 5 is a detailed circuit diagram of a relay/TR output unit of FIG. 3; 

FIG. 16 is a flow chart of a process for detecting a disconnection in 
devices operated by an output port according to a preferred embodiment of the 
present invention; 

35 FIG. 17 is a flow chart of a process for detecting a short in devices 

operated by an output port according to a preferred embodiment of the present 
invention; 

FIG. 18 is a chart used to describe how nomnal, disconnection, and 
short states are determined according to a preferred embodiment of the present 
40 invention. 

FIG. 19 is a flow chart of a process for determining a rotational state of 
devices rotated by an engine according to a preferred embodiment of the 
present invention; 

FIG. 20 .is .a.f low chart of a process for detecting a battery_connection ... 

45 defect and automatically controlling a voltage regulator according to a preferred 
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embodiment of the present invention; 

FIG. 21 is a flow chart of a process for detecting a generator output 
wire connection defect and controlling a voltage regulator according to a 
preferred embodiment of the present invention; 
5 FIG. 22 is a flow chart of a process for detecting a generator 

malfunction according to a preferred embodiment of the present invention; 

FIG. 23 is a flow chart of a process for detecting a malfunction in a 
generator N wire according to a preferred embodiment of the present invention; 

FIG. 24 is a flow chart of a detection and control process for a 
10 generator N danger voltage according to a preferred embodiment of the present 
invention; 

FIG. 25 is a flow chart of a detection and control process for a battery 
terminal defect according to a preferred embodiment of the present invention; 

FIG. 26 is a flow chart of a detection and control process for an excess 
15 voltage according to a preferred embodiment of the present invention; 

FIG. 27 is a flow chart of a detection process for a voltage regulator 
malfunction according to a preferred embodiment of the present invention; 

FIG. 28 is a flow chart of a detection and control process for a danger 
voltage according to a preferred embodiment of the present invention; 
20 FIG. 29 is a schematic view of a motor connected to a relay/TR output 

unit of the auxiliary controllers of FIG. 3; 

FIG. 30 is a flow chart of a process for detecting a malfunction in a 
motor rotation state according to a preferred embodiment of the present 
invention; 

25 FIG. 31 Is a flow chart of process for detecting a malfunction in a 

position control motor according to a preferred embodiment of the present 
invention; 

FIG. 32 is a schematic view of a panel switch of FIG. 2; 

FIG. 33 is a schematic view of a remote switch of FIG. 2; 
30 FIG. 34 is a detailed block diagram of a switch controller of FIG. 3; 

FIG. 35 is a flow chart of a switch input processing operation of the 
auxiliary controllers of FIG. 3; 

FIGs. 36a - 36c are flow charts of a switch input process of a switch 
controller of FIG. 2; 

35 FIG. 37 is a flow chart of a turn signal controller routine realized through 

software; 

FIG. 38 is a flow chart of a speed control controller routine realized 
through software; and 

FIG. 39 is a flow chart of a voltage regulator routine realized through 
40 software. 

EMBODIMENT OF THE PRESENT INVENTION 

To achieve the above objects, the present invention provides an 
integrated- digital control system for an automotive electrical device comprising 
45 pane! and remote switch means for controlling each portion of a vehicle, the 



wo 01/02756 



PCT/KROO/00690 



6 

switch means including switches; switch monitor means for displaying 
operational states of the switches input from the switch means and an 
Instrument panel simulation; a switch controller for generating control values 
corresponding to the switches operated, and for controlling an instrument panel 
5 simulation function and a switch monitor by referencing integrated code data; 
central control means Including an operating system for referencing the 
integrated code data to control each applications program, a wireless 
communications device for enabling external connection, and a permanent 
storage device for recording integrated code data every time an event is 

10 generated; instrument panel/monitor means for performing an instrument panel 
simulation and applications program graphic processing according to control by 
the central control means; and a plurality of auxiliary control means for 
performing digital conversion, input/output control, malfunction detection, 
automatic control, etc. of each logic-division portion, 

15 The integrated digital control method for an automotive electrical device 

comprises the steps of performing logic divisions of each portion of the vehicle 
into predetermined regions and performing digital conversion of corresponding 
input/output data according to each divided region; analyzing the input data 
according to region and through integrated management data, performing 

20 digital control of the electrical device in the corresponding region; and detecting 
malfunctions in the electrical device in the corresponding region and performing 
the intelligent control of the detected malfunction in the corresponding region. 

Accordingly, In the present invention, if parts mounted to each part of 
the vehicle (control switches, controllers, sensors, output parts, etc.) are 

25 connected through a plurality of wire circuits and a single device, the single 
device can be realized through divisions and methods. 

Here, the divisions Include attributes of elements and methods, and 
input and output parts realized through imaginary parts having Internal 
information in memory regions. 

30 Further, the divisions realized through methods (sub-routines, functions 

and procedures) can also become divisions. 

In other words, an elements can be thought of as means for realizing 
states for a single division, and the substance can only exist in a division. 
That is, each sensor element or device element (output part element), 

35 etc. are not directly controlled by methods. The elements are controlled by 
system methods in divisions, and divisions (imaginary parts) come to maintain a 
state (attributes and actions) like the elements. 

Here, the divisions and elements are connected through corresponding 

ports. 

40 All actions of the vehicle (generation of divisions, corrections, 

movement, changes in division variables, calling of methods, connections) can 
be completely based on divisions in an imaginary space, and since the divisions 
generated in the vehicle can be re-generated in all controllers, it is possible for 
the methods.to reference the divisions. 

45 Here, the collection of divisions become an imaginary vehicle having all 
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information. 

The imaginary vehicle can be freely moved and re-generated through 
wireless communications, mal<ing this the foundation for the integral 
management of all vehicles in an imaginary space (network). 
5 Accordingly, the collection of all divisions (imaginary vehicles) can be 

designated through integrated code data; all vehicles (imaginary vehicles) are 
connected to a network; information of states, positions states, etc. of other 
vehicles is automatically analyzed in the imaginary space; and vehicles having 
an integrated information network for notifying of optimal actions can be made. 

10 That is, the present Invention includes a system in which a vehicle Is 

separated into logic regions and each logic region is controlled to enable 
processing of digital conversion, control, and malfunction detection. Accordingly, 
each part of the vehicle is made into a module such that wiring and connectors 
connected through the frame can be omitted. 

15 For example, wires passing through the frame are mostly input wires for 

reading sensor values and output wires for controlling devices through switches. 

Further, frame wiring connected to a light switches includes light lower 
Oeft, right), light upper (left, right), high-beam indicator light, each switch 
illumination light (plurality), wide light (front, rear, left, right), license plate light, 

20 rear light Oeft, right), marker light (front, rear, left, right), and a tire light (left, 
right). 

Accordingly, if there is a method for directly processing the light 
switches through a pulse (control code) in each module, there is no need for 
the above wiring. 

25 Further, if each part made into a module can be independently 

processed, the complete discontinuing of ail functions is avoided since only a 
malfunctioning portion stops operation with such divisioning. 

The present invention provides a method for such divisions, forming 
into modules and independent control of each part of the electrical system. 

30 Also, by simplifying the wiring of the vehicle, the occurrence of 

malfunctions, and improvement of overall stability and durability are obtained. 

Accordingly, it is possible to omit outwardly extending devices and 
wiring to reduce the number of malfunctions, and elements and operations 
typically processed using hardware and through analog methods are processed 

35 using software. 

A single assembly device is generally realized through a plurality of 
elements (motors, sensors, resistors, switches, wiring, etc.), and if such 
assembly devices can be controlled by software, it is possible to simplify control 
and malfunction detection. 

40 The easiest and most precise way in which malfunctions are detected 

in vehicles is through a detection in units of elements. For example, if there is a 
malfunction somewhere between a front switchboard and a rear license plate 
light, a technician begins inspection in units of elements. 

That is.. fuse shorts are. Inspected, lights are disassembled- to check for. ... 

45 a disconnection or short, and if these parts are normal, a lamp assembly 
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connector is disassembled to check for disconnections and shorts. If the 
connector is normal, each connector pprtion is disassembled to again inspect 
for disconnections and shorts. However, if not divided into units of elements, it 
is impossible to perform an effective inspection. 
5 If input and output elements are independently divided, it is possible to 

check for disconnections and shorts, and othenA/ise perform malfunction 
detection. 

An electronic control device of a vehicle is used to control specific 
devices that do not use an integrated method. A part of the vehicle is 
10 determined and controlled in a program is identical to reporting only the front of 
vehicle driving. 

Using the abrupt start of the automatic transmission as an example, 
since a controller can only d^Jtermine states in a limited manner, it can not be 
determined If there is an actual part or sensor malfunction, or if a malfunction is 
15 the result of driver mis-operation. 

Even if a more perfect control program were possible, the programmer 
must be able to read required states of the vehicle without restriction. 

Accordingly, in the present invention, all state? of the vehicle are 
shared such that all data of the vehicle can be referenced in a program. 
20 A drawback of the conventional electronic control method is that 

mounting is performed on a basic central analog direct control type structure. 
There are many problems with this configuiation. 

Using an ABS wheel sensor as an example, a sensor to enable the 
reading of wheel rotation in an ABS controller is mounted on each wheel. Sine 
25 the wiring of each wheel sensor Is joined to the frame wiring so that a sensor 
input terminal of the ABS controller is reached, it is not possible to use a single 
wire and connectors that externally protrude must be used. 

If a malfunction occurs in externally-protruding connection portions, the 
electronic device detemnlnes that the sensor is malfunctioning. 
30 A sensor malfunction when there is some precipitation Is generally a 

result of leakage or contact problems in the connector areas. Accordingly, it is 
preferable that an input wire of the electronic control device is short and not 
partitioned. 

In a digital method of the present invention, each region is directly 
35 processed in a con-esponding controller that divides the vehicle into logic 
regions to solve these problems. 

Further, with respect to controller hardware configuration, the use of a 
basic input and output method is for providing flexibility to enable easy software 
application as when perfomiing complicated control by controlling Os and 1 s. 
40 For example, each portion is divided to enable direct control of input 

and output; a basic bit control method is used for output control (on = battery + 
voltage, off = battery - voltage); a basic detection method is used for 
disconnection, short, error and operational frequency detection; input is divided 
-into variable input.. -pulse input- and switch . input- and through the . use of. 
45 interfaces (in the case where the majority of sensors are variable, since 
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operation is possible at low resistances for the flow of stable current, it is 
possible that an Input scope Is not large) that standardize all sensors, flexibility 
is provided to software. 

In addition, since all data is renewed in a code table of a central 

5 controller through connmunications, various instruments, controllers, warning 
lights, etc., which have a single use, are not required; through a method in 
which all instmments are simulated in a vehicle computer, instalments, parts, 
wiring can all be removed; and the single-use instrument panel is made Into a 
multi-use graphic, Internet, vehicle method device, etc. 

0 Switches In vehicles use a digital control method, and since they are 

not directly connected to devices, much wiring is not required. No matter how 
many switches are used, it is possible to connect to power using a minimum of 
a single pulse cable. Also, although many switches are needed since each 
switch has a single function, the number of switch buttons can be reduced by 

5 using a method in which switches are called every time they are needed. 

In the present invention, since the switches use a digital control method, 
even switches that can not be realized mechanically can be easily realized. 
Also, since control using a program is possible, it is possible to perform control 
using a variety of methods. 

D In the present invention, there are provided a malfunction detection 

function and a future malfunction detection function of the electrical device. 
These function are provided to enable referencing of all states of the vehicle in 
any routine through joint data without the use separate devices, and to enable 
the determination of malfunctions according to division since each part is not 

5 directly connected. 

Using a temperature gauge as an example, if one of temperature 
gauge wiring, fuse, sensor, connector, etc. malfunctions, it is not possible to 
determine the actual source of the malfunction. However in the present 
invention, it is possible to determine a malfunction in the sensor. 

} Since leakage is possible In vehicles during vibrations, and as a result 

of vibrations, humidity, etc., the best manner to inspect vehicles is by checlcing 
various states white there are being driven. 

Based on this concept, real-time checking of states of each division and 
detection is possible in the present invention. 

5 Further, a current detection method according to division is also used in 

determining malfunctions. Using a experimental example of the generator, a 8Q 
resistor is connected positive terminal of the battery and a wire passing through 
the resistor is connected to a generator field coil (assuming 8Q) positive 
terminal, and a lamp or voltage tester for checking a current is connected to a 

) portion passing through the resistor. 

The engine is then operated and in a state where the generator is 
rotating, a brightness of the test lamp is checked. That is, rf the brightness of 
the test lamp corresponds to that when connected to 1 2V, it is determined that 
there is no malfunction;. if the brightness of -the4est lamp corresponds to that . 

5 when connected to 24V, it is determined that there is an internal disconnection; 
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if the brightness corresponds to that when connected to 10V, it is determined 
that there is a short in the coil portion; and If the brightness varies. It is 
determined that there is an internal contact defect, excess wear in the brushes, 
or slipping. 

5 In such a basic method, since it is possible for a technician to make the 

determination rather than a tester apparatus, precise and various malfunction 
states can be determined. 

Further, since malfunctions in the various devices of vehicles occur 
siovyly and worsen over time, it is possible to catch malfunctions before they 
10 deteriorate Into a serious problem using such real-time detection. 

In the present invention, using such a method, current used In each 
device Is read in real-time to enable intelligent detemriinations. 

In the present invention, the entire electrical device is digitally controlled 
and each malfunction detection routine Is able to reference integrated code 
15 data such that precise processing using software is possible. 

Further, because control according to states between routines is 
possible, automatic malfunction detection, automatic protection, automatic 
control and other functions difficuit to realize using conventional methods is 
able to be processed according to state, thereby enabling overall intelligent 
20 control and operation of the vehicle. 

Preferred embodiments of the present invention will now be described 
In detail with reference to the accompanying drawings. 

FIG. 2 is a block diagram of an integrated digital control system for an 
automotive electrical device according to a preferred embodiment of the 
25 present Invention. As shown in the drawing, a vehicle is separated into eight 
logic regions as follows: front/left/top, front/right/top, front/left/bottom, 
front/right/bottom. rear/left/top, rear/rightAop, front/left/botlom, and 
front/right/bottom. 

The integrated digital control system includes a central controller 100 

30 for referencing integrated code data to Initiate an instalment panel simulation, 
wireless communications (the Internet), and an application program, and for 
storing events in a permanent storage device; an instrument panel/monitor 200 
for performing graphic processing of the instrumental panel simulation and 
application program according to control by the central controller 100; a panel 

35 switch 300 for control of each portion of the vehicle, the panel switch 300 
including a key; a remote switch 400 for enabling switches of the panel switch 
300 to be freely positioned; and a switch monitor 500 used as an auxiliary 
Instrument panel and realized through an LCD, the switch monitor 500 
displaying operating states of switches input through the panel switch 300 and 

40 the remote switch 400. 

The Integrated digital control system also includes a switch controller 
600 for generating control values corresponding to switch Input of the panel 
switch 300 and the remote switch 400 for control of the switch monitor 500; 
auxiliary. controllers_700A - 700H linked with the central. controller_.1 00. and 

45 which perfomi input/output, malfunction detection and automatic control of each 
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separated logic region of the vehicle; and an RPM pulse generator 800 for 
transmitting an RPM pulse, via an RPM pulse cable, to the central controller 
100 and the auxiliary controllers 700A - 700H. The central controller 100 and 
the switch controller 600 are connected to the auxiliary controllers 700A - 700H 
5 by communications cables. 

Based on the integrated code data (malfunction detection data, sensor 
input data, vehicle state data and control data) processed by the auxiliary 
controllers 700A - 700H, which are assigned to different logic regions, the 
central controller 1 00 initiates the application program. In addition, the central 

10 controller 100 performs control of the instrument panel simulation to emit 
sounds, and enables the mounting of wireless communications devices to 
en£d>le connection to the Intemet. 

The instrument panel/monitor 200 is an LCD and is used as a display of 
the central controller 100. The switch monitor 500 is provided in addition to the 

15 instrument panel/monitor 200 since the integrated digital control system has 
both a switch display function and an instrument panel simulation function, and 
when the central controller 100 is malfunctioning or being used for other 
purposes, the switch monitor 500 .can be independently used as an instrument 
monitor. Accordingly, the driver is able to vary ttie location of the switch monitor 

20 500 to a more easily visible and operable position. 

In the present invention structured as In the above, if particular switch 
Input Is performed from the panel switch or the remote switch 400 for control of 
a specific area of the vehicle, switch functions and switch operations 
corresponding to the switch input is displayed on the switch monitor 500 

25 according to control by \he switch controller 600. Also, corresponding control 
values generated by the switch controller 600 according to switch input are 
transmitted to the central controller 100 and the auxiliary controllers 700A - 
700H through the switch pulse cable. As a result, the central controller 100 and 
the auxiliary controllers 700A - 700H perform operations corresponding to the 

30 control values input from the switch controller 600. 

The process of controlling a light to a first level will now be described. 
Here. It is assumed that there are a total of twelve auxiliary controllers. 

(a) Using the panel switch 300 or the remote switch 400, If a light switch 
is controlled to a first level on position, the switch controller 600 transmits a 

35 control value corresponding to the first level on position of the light 
simultaneously to all auxiliary controllers, (b) The switch monitor 500 performs 
display of the on control of the first light, (c) A front/left/bottom auxiliary 
controller analyzes the instruction and controls to on a front/left/bottom wide 
light, (d) A front/right/bottom auxiliary controller analyzes the instruction and 

40 controls to on a front/right/bottom wide light, (e) A front/leftAop auxiliary 
controller analyzes the instruction and controls to on a front/left/top secondary 
light, (f) A fronVright/top auxiliary controller analyzes the instruction and controls 
to on a front/rlghtAop secondary light, (g) An Intermediate/left/bottom auxiliary 
controller, — an- intermediate/right/bottom- auxiliary- - controller, an 

45 Intermediate/leftAop auxiliary controller, and an intermediate/right/top auxiliary 
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controller analyze the instruction, and since there is no corresponding operation 
to perform, ignores the instruction, (h) A rear/lefl/top auxiliary controller 
analyzes the instruction and controls to on a rear/left/top secondary light. (I) A 
rear/rlghtAop auxiliary controller analyzes the instruction and controls to on a 
5 rear/right/top secondary light, (j) A rear/left/bottom auxiliary controller analyzes 
the instruction and controls a rear/ieft/bottom tailiight to on. (k) A 
rear/right/bottom auxiliary controller analyzes the instruction and controls to on 
the rear/right/bottom tailiight to on. Next, the process of controlling a right 
turn signal to on using the switches will now be described. 

10 (a) If a right turn signal switch Is controlled to on at the panel switch 300 

or the remote switch 400, the switch controller 600 transmits a corresponding 
control value simultaneously to ail the auxiliary controllers, (b) The switch 
monitor 500 performs display of the on control of the right turn signal, (c) The 
central controller 100 performs control for the display of a signal flashing state. 

15 (d) The front/right/bottom auxiliary controller calls a right turn signal method, (e) 
The intermediate/right/bottom auxiliary controller calls a right turn signal method, 
(f) The rear/right/bottom auxiliary controller calls a right turn signal method. 
FIG. 3 shows a detailed block diagram of the auxiliary controllers 700A 

- 700H. 

20 Each auxiliary controller 700A - 700H includes a variable sensor input 

unit 701 to which all main variable sensors, auxiliary variable sensors, main 
switch sensors and auxiliary switch sensors are connected; a sensor Input A/D 
converter 702 for converting to digital values operational values of the variable 
sensors and switch sensors input to the variable sensor input unit 701; a pulse 

25 sensor input unit 703 to which all main pulse sensors and auxiliary pulse 
sensors are connected; a pulse counter 704 for counting the number of pulses 
generated by the pulse sensors and input through the pulse sensor input unit 
703 then converting the counted pulses to a digital value, the pulse counter 704 
counting the number of pulses per unit of time; a control code receiver 705 for 

30 reading all switching Input; a reception code converter 706 for standardizing 
output of the control code receiver 705 and converting the code to digital 
values; a self-diagnostic unit 707 connected to the sensor input A/D converter 
702, the pulse counter 704 and the reception code converter 706, and which 
performs a self-diagnosis to determine the presence of irregularities in the 

35 system; a data bus 708 connected to the sensor input A/D converter 702, the 
pulse counter 704, the reception code converter 706 and the self-diagnostic 
unit 707; a microcomputer 709 for receiving input via the data bus 708 from the 
sensor input A/D converter 702, the pulse counter 704, the reception code 
converter 706 and the self-diagnostic unit 707, and which processes each 

40 instruction; an interrupt generator 709a for enabling the microcomputer 709 to 
read pulse output; a ROM 710 for storing a program for controlling the system; 
and a RAM 711, which is a memory for processing data. A power supplier 712 
supplies power to the system and a fuse unit 713 is connected to the power 
-supplier 712. . 

45 Further, a relay/TR output unit 714 is connected to the fuse unit 713 
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and controls each element of the vehicle; an output controller 715 operates the 
relay/TR output unit 714 according to control values output from the 
microcomputer 709 and received via the data bus 708; a current voltage 
detector 716 detects a voltage supplied to the relay/TR output unit 714 and 
5 converts the voltage to a digital value and inputs the same to the 
microcomputer 709 via the data bus 708; an output return unit 717 monitors an 
output of the output controller 715 and inputs the output to the microcomputer 
709 through the data bus 708 for use in detecting malfunctions in the relay or 
TR, output interface, etc.; and a fuse retum unit 718 for detecting a state of the 

10 fuse unit 71 3 and inputting detection results to the microcomputer 709 through 
the data bus 708 for use in detecting malfunctions in various devices. 

Connected to the microcomputer 709 are a pulse output unit 719 for 
controlling various devices according to control by the microcomputer 709 and 
a communications port 720 for transmitting various data results to the central 

15 controller 100, the pulse output unit 719 performing control using a pulse 
control method. 

The sensor input A/D converter 702 includes a variable sensor interface 
702a for converting the operational values of the variable sensors and switch 
sensors input to the variable sensor input unit 701 ; an A/D converter 702b for 

20 receiving output of the variable sensor interface 702a and converting the output 
to digital code, the output of the variable sensor interface 702a having been 
converted into a readable format for the A/D converter 702b; and a variable 
sensor port 702c for holding digital values converted by the A/D converter 702b 
then transmitting the data to the microcomputer 709 through the data bus 708 

25 every predetermined time interval when requested by a program. 

The pulse counter 704 includes a pulse sensor interface 704a for 
standardizing pulses input through the pulse sensor input unit 703 and 
converting the input to digital input, a pulse counter device 704b for counting an 
interval established by the pulse sensor interface 704a, and a pulse sensor port 

30 704c for transmitting a count result of the pulse counter device 704b to the 
microcomputer 709 via the data bus 708. 

The reception code converter 706 includes a switch interface 706a for 
standardizing switch pulses input from the control code receiver 705, a code 
converter 706b for converting to a digital code an output of the switch interface 

35 706a, and a switch port 706c for transmitting an output of the code converter 
706b to the microcomputer 709 through the data bus 708. ' 

The self-diagnostic unit 707 includes a self-diagnostic interface 707a 
connected to the variable sensor interface 702a, the pulse sensor interface 
704a, and the switch interface 706a; and a self-diagnostic port 707b connected 

40 to the self-diagnostic interface 707a and also to the microcomputer 709 through 
the data bus 708. 

The output controller 715 includes an output port 715a having a latch 
function and a read/write function of various control data input from the 

microcomputer.709 through the. data bus 708, and an output port interface 71.5b-. 

45 for ensuring a current corresponding to output of the output port 715a to 
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Operate the relay/TR output unit 714. 

The current voltage detector 716 Includes a device current voltage 
detector 716a for detecting, when the relay or TR of the relay/TR output unit 
714 IS controlled to on. a drop in voltage supplied through a conducting resistor 
5 of the relay/TR output, or for detecting a current detected by a current detecting 
sensor and voltage of each portion (ue., battery voltage, generator output 
voltage, generator F output voltage, etc.): an A/D converter 716b for converting 
output of the device current voltage detector 716a into a digital code; and a 
device current voltage detecting port 716c for transmitting output of the A/D 
10 converter 71 6b to the microcomputer 709 through the data bus 708. 

The output return unit 717 includes an output return interface 717a and 
an output return port 717b for monitoring a state of the output port Interface 
715b and transmitting a detected state to the microcomputer 709 through the 
data bus 708. The fuse return unit 718 Includes a fuse return interface 718a 
15 and a fuse retum port 71 8b for monitoring a state of the fuse unit 713 and 
transmitting a detected state to the microcomputer 709 through the data bus 
708. The pulse output unit 719 includes a pulse output port 719a and a pulse 
interface 719b for controlling various devices according to control by the 
microcomputer 709. the control being performed using a pulse control method 
20 Since sensors are also read by variable sensor ports in the present 

inventoon, a short or disconnection in wires is able to be detected. Also th 
different types of sensors are variable sensors, pulse sensors and switch 
sensors. In the present invention, all input of the three types of sensors is 
converted to a digital format. 
25 Further, the sensors connected to the auxiliary controllers 700A - 700H 

comprise a main sensor and an auxiliary sensor, with the same type of sensor 
being used for both. Since the values of the sensors are converted into a digital 
fomnat. the use of an identical type of sensor is not done in order to have a 
sensor for operating an instalment and a sensor for operating a warning lamp 
30 as with the conventional vehicle sensors, but In order to have a back-up sensor 
in case one malfunctions. 

The operation of the auxiliary controllers 700A - 700H described above 
will now be described. 

The operational values of the variable sensors and switch sensors Input 
35 to the vanable sensor input unit 701 are converted to readable values by the 
vanable sensor Interface 702a and input to the A/D converter 702b. The A/D 
converter 702b converts the Input values into a digital code, after which the 
converted values remain in stand-by at the variable sensor port 702c. Next, at 
predetermined Inten/als. the microcomputer 709 reads the sensor port 702c (of 
40 each auxiliary controller) and stores/renews the values in the RAM 711 to 
enable referencing using an internal method (a method in which conversion is 
to a characteristic value of divisions and renewal are performed). 

The pulses input to the pulse sensor input unit 703 are standardized by 
- the pulse sensor interface 704a-then input to the pulse counter'rfevlce 704b' 
45 The pulse counter device 704b counts the Input pulses for a predetemiined 
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interval then performs output to the pulse sensor port 704c. The interrupter 
generator 709a enables the microcomputer 709 to read the pulse sensor port 
704c. Accordingly, the microcomputer 709 reads the pulse sensor port 704c 
then renews the data in the RAM 711 to enable referencing in an internal 
5 method. 

The control code receiver 705 reads all switch input and after 
conversion to a digital code by the reception code converter 706, the input is 
transmitted to the switch port 706c. The intermpter generator 709a enables the 
microcomputer 709 to read the switch port 706c. Accordingly, the 

10 microcomputer 709 reads the switch port 706c to decipher switch instructions, 
after which a sub-routine corresponding to the instructions is performed. 

The self-diagnostic interface 707a perfonns a self-diagnostic method of 
each input/output device of FIG. 2. The microcomputer 709 controls the self- 
diagnostic interface 707a through the self-diagnostic port 707b to detect 

15 irregularities in each interface and port. A self-diagnostic result value is read 
through each corresponding input port to determine the presence of 
malfunctions or if normal operation is occurring. 

If the microcomputer 709 outputs a control output to the output port 
715a through the data bus 708. each bit of the output port 715a ensures a 

20 current to enable operation of a relay in the output port interface 715b and 
controls the relay/TR output unit 714. Since the output of the relay/TR output 
unit 714 is directly connected to output elements of the vehicle, if the division is 
controlled, the output port 715a Is then controlled such that control of the output 
elements of the vehicle is realized. 

25 The cunrent voltage detector 716 detects through the device current 

voltage detector 716a and when the relay or TR of the relay/TR output unit 714 
is controlled to on, a drop in voltage supplied through the conducting resistor of 
the relay/TR output unit 714 or a current value by a current detecting sensor 
and present voltages such as the battery voltage, generator output voltage, and 

30 generator F output voltage. After conversion of the output of the device current 
voltage detector 716a by the A/D converter 716b. the device current voltage 
detecting port 716c transmits the output of the A/D converter 716b to the 
microcomputer 709 through the data bus 708. The microcomputer 709 reads 
the input, calculates utilization current values and voltage drop values, then 

35 records/renews the RAM 71 1 to enable referencing in an Intemal method. 

The output return interface 717a of the output retum unit 717 records 
the state of the output port intertece 715b in the output retum port 717b. This is 
read by the microcomputer 709 to enable use in an output device monitoring 
routine for the detection of a malfunction such as a relay or TR malfunction and 

40 an output interface malfunction. The fuse retum interface 718a of the fuse 
return unit 718 records the state of the fuse unit 713 in the fuse retum port 718b. 
This is read by the microcomputer 709 to enable use in the output device 
monitoring routine for the detection of a fuse malfunction, relay or TR 
..malfunction, output interface malfunction, and device malfunction... .. 

45 The microcomputer 709 controls various pulse control method devices 
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through the pulse output port 719a and pulse interface 719b. Communications 
between each controller are transmitted and received through the 
communications port and each controller renews integrated code data 
corresponding to received values. 
5 An example of an overall program structure (input Initial setting, output 

initial setting, initial operation, input data renewal by the timer interrupter, input 
sensor malfunction detection, current input supplied to output elements 
connected to output ports, internal state input, output system malfunction 
detection, motor malfunction detection, motor position control, internal method 

10 operation and control, switch or other interrupter routines) output of the auxiliary 
controllers 700A - 700H will now be described. Although there are a variety of 
methods for managing each routine of the auxiliary controllers 700A - 700H, 
the following is a basic method. 

Initial operation Is realized as follows. 

IS (a) Detection of an internee malfunction for each auxiliary controller 

700A - 700H and the central controller 1 00 is performed, (b) Communications 
initialization of each auxiliary controller 700A - 700H and the central controller 
100 is performed. 

Next, input data renewal realized through a timer will be described with 

20 reference to the flow chart of FIG. 4. It is to be assumed that the following is 
one of a plurality of methods for simultaneously managing the timer. 

First, it is determined if a timer value is a variable sensor input method 
execution value in step SI . If it is. values generated by the variable sensors 
connected to input ports of one or more corresponding auxiliary controller 

25 undergo A/D conversion and properties of corresponding divisions are renewed 
and stored, thereby enabling referencing of the internal method or the present 
state of the vehicle in the central controller 100 and the auxiliary controllers 
700A-700HinstepS2. 

If the timer value is not a variable sensor input method operational 

30 value in step SI , it is determined if the timer value is a pulse sensor input 
method execution value in step S3, if it is, pulse values generated over a 
predetermined interval by the pulse sensors connected to input ports of one or 
more corresponding auxiliary controller undergo A/D conversion and properties 
of corresponding divisions are renewed and stored, thereby enabling 

35 referencing of the Internal method or the present state of the vehicle in the 
central controller 100 and the auxiliary controllers 700A- 700H in step S4. 

If the timer value is not a pulse sensor input method operational value 
in step S3, it is determined if the timer value is an input frequency detection 
method execution value in step S5. If it is, sensor input data of the 

40 corresponding auxiliary controllers 700A - 700H are compared with operational 
established values to determine then store the moment when they exceed the 
established values, then properties of corresponding divisions are renewed, 
thereby enabling referencing of the internal method or the operational 
frequencies of the- sensors in-the central controller -100 and the auxiliary - 

45 C(Witrollers 700A - 700H In step S6. 
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FIG. 5 shows a flow chart of a sensor malfunction detection routine of 
the auxiliary controllers 700A - 700H. 

It is first determined if the timer value is an input sensor malfunction 
detection method execution value in step SI. if it is, conversion data 
5 (corresponding divisions) of ail variable sensors connected to input ports of 
corresponding auxiliary controllers 700A - 700H are referenced to detect a 
disconnection in wires (FIG. 12), a short (FIG. 11). and an en-or (FIG. 13), then 
properties of divisions con-espondlng to the malfunction are renewed, thereby 
enabling referencing of the internal method or sensor states in the central 

10 controller 1 00 and the auxiliary controllers 700A - 700H in step S2. 

Next, if the timer value is not an Input sensor malfunction detection 
method operational value in step S1 , it is determined if the timer value is an 
established value for detecting a pulse sensor malfunction in step S3. If it is, 
conversion data (corresponding divisions) of all variable sensors connected to 

15 input ports of conresponding auxiliary controllers 700A - 700H are referenced to 
detect a disconnection in wires (FIG. 12), a short (FIG. 11), and an error (FIG. 
13), then properties of divisions corresponding to the malfunction are renewed, 
thereby enabling referencing of the intemal method or sensor states in the 
central controller 100 and the auxiliary controllers 700A - 700H In step 84. 

20 If the timer value is not an established value for detecting a pulse 

sensor malfunction in step S3, it is determined if the timer value is an 
operational frequency detection method established value in step S5. If it is, an 
operational frequency detection method is performed and recorded, and 
properties of corresponding divisions are renewed to enable referencing in the 

25 intemal method or the auxiliary controllers 700A - 700H and the central 
controller 1 00 in step S6. 

FIG. 6 shows a flow chart of a device malfunction detection routine of 
the auxiliary controllers 700A - 700H. It is determined if the timer value is a 
state output system malfunction detection execution value, and if it is, 

30 malfunction detection of an output interface in corresponding auxiliary 
controllers 700A - 700H, relay or TR malfunction detection, and a detection 
method of a disconnected wire or short in output devices connected to output 
ports are performed, and properties of corresponding divisions are renewed, 
thereby enabling referencing in the internal method or the auxiliary controllers 

35 700A - 700H and the central controller 1 00 (steps SI - S4). 

FIG. 7 shows a flow chart of a current input routine of devices 
connected to output ports of the auxiliary controllers 700A - 700H. It is 
determined if the timer value is an output current input method execution value, 
and if it is, current flowing to output elements connected to output ports of 

40 corresponding auxiliary controllers 700A - 700H is detected, and properties of 
corresponding divisions are renewed, thereby enabling referencing in the 
internal method or the auxiliary controllers 700A - 700H and the central 
controller 100 (steps SI and S2). 

" "FIG. 8 shows a flow chart of a state input routine oftfie auxiliary 

45 controllers 700A - 700H. It is determined if the timer value is a state input 
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method execution value, and if it is. a fuse state and a relay state within 
con^esponding auxiliary controllers 700 A - 700H are renewed and stored j 
thereby enabling referencing of states In the internal method or the auxiliary 
controllers 700A - 700H and the central controller 100 (steps SI - S6). 
5 FIG. 9 shows a flow chart of a position control motor malfunction 

detection routine of the auxiliary controllers 700A - 700H. It is detemiined If the 
timer value is a motor malfunction detection execution value, and if it Is. 
malfunction detection of motors connected to corresponding auxiliary 
controllers 700A - 700H is performed and malfunctions are recorded, thereby 

10 enabling referencing of states in the internal method or the auxiliary controllers 
700A - 700H and the central controller 1 00 (steps Si - S4). 

That Is, in steps SI - S4, if the timer value is a corresponding position 
control motor malfunction detection established value, a position control motor 
malfunction detection routine is performed (to be described hereinafter with 

15 reference to FIG. 31) to detect and record a position control malfunction. 
However, if the timer value is not a corresponding position control motor 
malfunction detection established value, it is detemnined if the timer value is a 
corresponding one-way motor malfunction detection established value. If it is, a 
position control motor malfunction detection method is performed to detect and 

20 record a malfunction in a rotation state. 

FIG. 1 0 shows a flow chart of a motor position control routine of the 
auxiliary controllers 700A - 700H. 

First, it is determined if the timer value is a corresponding motor control 
execution established value in step SI. If it is, it is then determined If a 

25 corresponding motor is In an on state in step S2. If a corresponding motor is in 
an on state, it is determined if a motor position value is within a stop value 
permission range In step S3. If the motor position value Is within the stop value 
permission range, a motor stop method is performed and an output port is 
controlled to a stop state in step S4. 

30 In step S3, if the motor position value is not within the stop value 

penmisslon range. It is determined if the motor position value is greater than the 
stop value in step S5. If it is, a motor reverse rotation method is performed and 
the output port is controlled to a reverse rotation state in step S6. However, if 
the motor position value is not greater than the stop value, it is detemnined in 

35 step S7 if the motor position value is less than the stop value In step S7. If it is, ■ 
a motor forward rotation routine Is performed and the output port is controlled to 
a forward rotation state in step S8. In step 87, if the motor position value is not 
less than the stop value, the process is ended. 

Regarding the execution and control of the internal method, if the timer 

40 value is an internal method control execution value, corresponding control data 
recorded in the auxiliary controllers 700A - 700H are referenced to execute and 
control each method (e.g., methods for motor control and to control a voltage 
regulator, a speed controller and an automatic grease lubricator). Further, with 
respect to switch or remaining interrupter methods, methods directly assigned 

45 to external interrupters such as switches and communications are set to be 
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processed first to enable output port control or calling and stopping of internal 
methods. 

Input and output for the auxiliary controllers 700A - 700H will now be 
described. 
5 [Input] 

Input of the auxiliary controllers 700A - 700H of FIG. 3 is separated into 
pulse input, switch input (operated by on/off control), and variable input. Each 
input element corresponds to a single input port such that independent input 
elements are used as corresponding input of the auxiliary controllers (i.e., 

10 wiring and connectors are not used). Further, an input value of each element is 
analyzed to realize an imaginary input division in a memory space. 

That is, all input of the vehicle is categorized as pulse input, switch 
input, or variable input, which acts as an abstract model of the input elements. 
The model has attributes and behaviors, and is referred to as input divisions. 

15 Attributes (variables) of the divisions are renewed in real-time using a method 
to be described hereinafter, and by the generation, revision, and movement of 
the divisions, and changes in division variables, method calling, and joining, the 
integrated control of the vehicle according to the divisions is realized. 

In a vehicle, a single system (a single completed device) Is realized by 

20 sensors (input elements) provided at each area and output parts being directly 
connected through a wiring circuit. Giving an engine hydraulic pressure gauge 
device as an example, a hydraulic pressure sensor and a hydraulic pressure 
gauge are interconnected through wiring and many connectors. If a short 
develops in the wire used for sensor input, alt elements (corresponding wiring, 

25 sensor, hydraulic pressure gauge, etc.) are connected to the sensor input wire 
malfunction. Accordingly, it is difficult to determine the source of the malfunction, 
that is, from where the short originates. 

However, if each element is independently provided, with a maximum 
value and a minimum value set as a utilization region, and by establishing a 

30 wire disconnection if below the minimum value and a short if over the maximum 
value, the occurrence of a wire disconnection malfunction and a short 
malfunction for each element can be determined. 

For example, in the case of an engine hydraulic pressure sensor, even 
when the hydraulic pressure is 0 bar, a resistance of the hydraulic pressure 

35 sensor is not at 0 but has a characteristic resistance value. This characteristic 
resistance value is set within a minimum utilization range, and if the hydraulic 
pressure can be used up to a maximum of 20 bar, a 20 bar resistance value is 
set as a maximum utilization range, in the case of a short, it is determined that 
a short has occurred when the sensor value becomes less than the 

40 characteristic resistance, and a disconnection is considered to have occurred 
when the value is above the maximum utilization range. 

A method of detecting malfunctions using input values of the elements 
connected to inputs of the auxiliary controllers 700A - 700H will now be 
described. 

45 FIG. 11 shows a flow chart of a sensor short detection process 
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according to a preferred embodiment of the present invention. The 
microcomputer 709 determines if a corresponding interface is operating 
normally in step SI. If the interface is not operating normally, a short detection 
number is cleared in step S2. If there is no malfunction, it is detemiined If a 
- 5 sensor value is less than a short established value in step S3. 

Next, if the sensor value is greater than the short established value, the 
short detection number Is cleared in step 82. However, if the sensor value Is 
less than the short established value, the short detection number is increased 
by one in step 84. It is then determined if the short detection number is greater 

10 than a predetermined short determination value in step 85. If the short 
detection number is less than the short determination value, the process Is 
ended. However, if the short detection number is greater than the short 
determination value, it is detemiined that there is a sensor short and the sensor 
short is recorded in step 86. 

15 FIG. 12 shows a flow chart of a sensor wire disconnection detection 

process according to a preferred embodiment of the present Invention. The 
microcomputer 709 determines if a corresponding interface is operating 
normally In step 81. If the Interface is not operating normally, a wire 
disconnection detection number is cleared In step 82. If there is no malfunction, 

20 it is determined if a sensor value is greater than a wire disconnection 
established value in step 83. 

Next, if the sensor value is less than the wire disconnection established 
value, the short detection number is cleared in step 82. However, if the sensor 
value is greater than the wire disconnection established value, the wire 

25 disconnection detection number is increased by one in step 84. It Is then 
determined if the wire disconnection detection number is greater than a 
predetermined wire disconnection determination value in step 85. If the wire 
disconnection detection number Is less than the wire disconnection 
determination value, the process is ended. However, if the wire disconnection 

30 detection number Is greater than the wire disconnection determination value, it 
is determined that there is a sensor wire disconnection and the sensor wire 
disconnection is recorded in step 86. 

FIG. 13 shows a flow chart of a sensor error detection process 
according to a preferred embodiment of the present invention. Since identical 

35 sensors are used for a main sensor and an auxiliary sensor, and a value 
converted to a digital format is used, it is possible to detect errors by comparing 
a value of the main sensors and a value of the auxiliary sensors in a 
malfunction detection method. For example, values of an RPM main sensor and 
auxiliary sensor are compared, and if an enror is greater than a penmissible 

40 level, it is determined that there is an error malfunction. If an rpm reference 
value in a km sensor value is referenced, it is possible to determine if the 
malfunctioning sensor is the main sensor or the auxiliary sensor. 

First, the microcomputer 709 determines if a corresponding interface is 
operating, normally- in step .81. If the .interface, is. not operating ..normally,.^. 

45 corresponding sensor en-or detection number is cleared in step 82. If ttiere is 
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no malfunction, a predetermined permission error value is added to a sensor 
input value of the corresponding sensor in step S3. 

Next, it is determined if a value of a corresponding main sensor Is less 
than a value of a corresponding auxiliary sensor In step S4, If it Is, an error 
5 detection number of the corresponding sensor is increased by one. in step S5. 
However, if the main sensor value is not less than the auxiliary sensor value, 
the permission error value is subtracted from the sensor input value of the 
corresponding sensor in step S6. Following step S6, it is determined if the main 
sensor value is greater than the auxiliary sensor value in step S7, and if it is, 
10 the sensor error detection number is increased by one in step S8. However, if 
the main sensor value is not greater thari the auxiliary sensor value, the sensor 
error detection number is cleared in step S2. 

After either step S5 or S8, it is determined if the error detection number 
of the corresponding sensor is greater than a predetenmined error 
15 determination value in step S9. If it is, the error of the corresponding sensor is 
recorded in step S10- 

Detection of the frequency of sensor operation will now be described. In 
the case of sensors and switches that operate only when an event occurs, it is 
necessary to check for normal operation. An example of such an element is a 
20 brake light switch that operates only if the driver engages a brake pedal. 

Accordingly, in a method of determining an operation state of the 
microcomputer 709, data of each sensor are compared to count an operational 
number and store the same in a corresponding division. 

FIG. 14 shows a flow chart of a sensor operational frequency detection 
25 process according to a preferred embodiment of the present invention. 

The microcomputer 709 determines if there is a malfunction in a 
corresponding Interface in step S1. If there is a malfunction, it is determined if a 
corresponding sensor is established as a frequency detection sensor in step S2. 
If the corresponding sensor is established as a frequency detection 
30 sensor, it is determined if the sensor is operating identically as a previous 
operation state in step S3. If it is, it is then determined if the corresponding 
sensor is a ground-type sensor in step S4. If the corresponding sensor is a 
ground-type sensor, it is determined if an input value of the corresponding 
sensor is less than a predetermined detection value in step S5. If the input 
35 value is less than the detection value, an operational frequency of the 
corresponding sensor is increased and recorded in step S6. 

In step S4, if the corresponding sensor is not a ground-type sensor, it is 
determined if the input value of the corresponding sensor is greater than the 
predetermined detection value in step S7. If the input value Is greater than the 
40 detection value, step S6 is performed, and if it is not greater than the detection 
value, the process is ended, in steps S1, S2, and S3, if the result of any one of 
the determinations is ''no", then the process is ended. 

When it is detected that an input variable value has increased to 
greater-than a reference value^ it is possible to apply the wire disconnection 
45 frequency and the short frequency, and after the input variable detection 
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method is executed, it is determined if the input variable frequency of a 
corresponding sensor Is greater than a predetermined detemninatlon value. If it 
is larger, an input variation is recorded in a corresponding sensor division, and 
if it is not larger, the process Is ended. 
5 [Output] 

Methods of vehicles that are Interconnected and controlled do not 
sufficiently satisfy conditions of electronic control methods or digital control 
methods. For example, if a defect occurs in a ground wire of a particular region 
of a device, malfunctions arise in devices that are completely unrelated to the 

10 device In which the ground defect has occurred. There are many reasons for 
this phenomenon. Also, its main cause cannot be linked to the control metiiods. 
Instead, this is because for particular reasons (Increase In frame wiring, etc.), 
most elements do not operate on an on (= battery + power) and off (= battery - 
power) configuration, but an on (= battery + power) and off (= no range) 

15 configuration. 

Further, devices are controlled by an on (= battery + power) and off (= 
battery - power) configuration. 

Each output port of the auxiliary controllers assigned to logic regions 
corresponds to each output division (parts controlled by vehicle power with 
20 wiring and connectors omitted). By enabling utilization current of corresponding 
elements to be read, each output element is divided. 

With regard to improvements made In a device of the vehicle, if theory 
is applied without its affect on other devices, results can vary significantly from 
those anticipated. 

25 Although resistance in a disconnected wire is OQ theoretically, in the 

case of wiring for a vehicle, it is very possible for different values to result since 
wires often branch and leakage occurs. This results from humidity, corrosion, 
contact deficiencies, etc. of the wires used. 

In order to repair the malfunctioning portion, utilization currents of the 

30 main wires are checked or a utilization current of a corresponding output 
element is checked to determine the cause of the malfunction. For example, a 
technician may operate select devices and by viewing an ampere meter, can 
detemnine the cause of the malfunction. 

This is possible because much information can be obtained by 

35 checking the state of the utilization current of elements. For example, large 
variations in the state of current for a generator F coil is indicative of brush or 
slip ring wear. Also, no current flow indicates a wire disconnection in the F coil 
and a larger flow of current than normal suggests damage to the coil. If the 
utilization currents of other output elements are checked and used together, 

40 malfunction detection can be more precisely performed. 

Accordingly, each output port of the auxiliary controllers corresponds to 
one output element, and the utilization current and voltage of the corresponding 
elements are able to be read In real-time such that the malfunction and 
potential malfunctions of corresponding output elements can-be detected. As-a 

45 result, in a voltage detection method used together with the current detection 
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method, a voltage of each portion is monitored to enable the realization of a 
method that can automatically act as a countermeasure to malfunctions. 

Referring again to FIG. 3, the output port 715a of the output controller 
715 is controlled by the microcomputer 709, and has a latch function and a 
5 read/write function. If the microcomputer 709 sets a corresponding bit of the 
output port 715a, a current that can operate the corresponding relay/TR output 
unit 714 can be ensured in the output port interface 715b, and the relay or the 
TR in the relay/TR output unit 714 is controlled to on. Accordingly, the output 
element connected to the relay or the TR output is operated. 
10 FIG. 15 shows a detailed circuit diagram of the relay/TR output unit 714. 

The relay/TR output unit 714 includes a reference resistor R1 connected to a 
battery supply and which reads a voltage drop that flows as a load; a relay RL1 
having a relay coil connected to the resistor R1 through a fuse F1 for protecting 
an output device, an "a** contact point connected to a protection resistor R5 of a 
15 fuse state check input connected to one end of the fuse F1 , a "c" contact point 
connected to both an output terminal RELAY-OUT1, which is connected to 
vehicle devices, and a current detection input terminal ADIN (i.e., an input 
terminal of the current voltage detector 716), and a "b" contact point grounded 
at a battery supply; a diode D1 connected to both ends of the relay coil of the 
20 relay RL1 and which absorbs a surge voltage generated by the relay coil; a 
l^" zener diode ZD1 for protecting the current voltage detector 716 from excess 

i;:p voltage flowing to the current detection input terminal ADIN; and resistors R2 

f y and R3 for output element utilization current detection Input protection. 

fU The relay/TR output unit 714 further includes a resistor R4. one end of 

CW 25 which is connected between an anode terminal of the diode D1 and the relay 
|3 coil, and connected also to an output tenninal OUT-IF1 of the output port 

^•^^ interface 715b, with it's other end connected to an interface diagnosis port 

OUT-IF-RETURN1 (the input terminal of the output return interface 717a) for 
the self-diagnosis of the output return interface 717a; a zener diode ZD2, an 
30 anode terminal of which is grounded and a cathode terminal of which is 
connected to the resistor R4 and the interface diagnosis port OUT-IF- 
RETURN 1 to protect the output return interface 717a from excess voltage; and 
a zener diode ZD3, an anode terminal of which is grounded and a cathode 
terminal of which is connected between the fuse F1 and the relay coil through 
35 the resistor R5, and, at the same time, to a fuse diagnosis port FUSE-IF- 
RETURN1 (the input terminal of the fuse return interface 718a) for the self- 
diagnosis of the fuse return interface 71 Ba to protect the fuse return interface 
from excess voltage. 

The reference resistor R1 reads the voltage drop flowing as a load and 
40 compares the same to a present voltage to detect a current. A low metallic 
resistor can be used for the reference resistor R1 , and it is also possible to use 
a current sensor that can detect a current. 

The relay RL1 basically uses a three-contact-point method, but when a 
corresponding bit of- the output port is 0 the relay has an-output of battery-^- 
45 voltage (OV), and when a corresponding bit of the output port Is 1 the relay has 
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an output of battery + voltage (12V or 24V), and includes a device utilization 
current detector, output internee detector, and fuse state detector input. 

Malfunctions In the output system that frequently occur are those in 
fuse wiring, the relay, and wiring and connectors. In the present invention, since 
5 the relay/TR output unit 714 and a method in which fuse state input and output 
port state input can be read are used, the detection of interface malfunctions, 
relay malfunctions, fuse states, and power state malfunctions will be examined. 

First, when the bit of the corresponding output port 715a is 1, the output 
terminal OUT-IF1 of the output port interface 715b is 0, and the Interface 

10 diagnosis port OUT-IF-RETURN1 is 0, if a battery + voltage is generated in the 
current detection input terminal ADIN, this is considered a normal state. V\^en 
the bit of the corresponding output port 715a Is 0, the output terminal OUT-IFI 
of the output port Interface 715b is 1, and the interface diagnosis port OUT-IF- 
RETURN1 is 1 , If a battery - voltage Is generated in the current detection Input 

.15 terminal ADIN, this is considered a normal state. 

However, when the bit of the corresponding output port 715a Is 1, the 
output terminal OUT-IFI of the output port interface 715b is 1 , and the interface 
diagnosis port OUT-IF-RETURN1 is 1 , it Is detenmined that there is an output 
port Interface malfunction. The detected malfunction Is recorded in a 

20 corresponding division. 

Further, when a bit of a relay contact point fusing is 0, a corresponding 
bit of the output port intertece 71 5b is 1 , and a battery + voltage is generated in 
the corresponding current detection input terminal ADIN, it is determined that 
there is a relay contact point fusing malfunction. The detected mal^nction is 

25 recorded in a corresponding division. 

When a bit of the corresponding output port 715a is 1, the output 
terminal OUT-IFI is 0. the fuse diagnosis port FUSE-IF-RETURN1 is 1, and a 
battery + voltage is not generated in the corresponding current detection input 
terminal ADIN, it is detemiined that there is a relay malfunction. If the fuse 

30 diagnosis port FUSE-IF-RETURNI is 0, the fuse is malfunctioning. The 
detected malfunction is recorded in a corresponding division. 

Disconnection and short detection of devices connected to the relay/TR 
output unit 714 will now be described. 

Output elements connected to the relay/TR output unit 714 are 

35 ultimately controlled by battery power. The malfunctions of electrical devices 
operated by battery power can be divided into two basic types: disconnections 
(no utilization current) and shorts (utilization current at maximum). In more 
detail, there are intermittent disconnections (a disconnection state results then 
rectifies itself and the pattern repeats), intemiittent shorts (a short state results 

40 then rectifies itself and the pattern repeats), and a region short (a state in which 
a utilization current is greater than a reference current). 

A current value (it is possible to also directly use a voltage drop value) 
converted in the current voltage detector 716 is established with a utilization 
range between axnaximum value and aminimum value of a currentthat can. be. 

45 used in a corresponding device. When below the minimum value the current 
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value is in a disconnection range, and when above the maximum value it is in a 
short range. Accordingly, a disconnection malfunction and a short malfunction 
are able to be detected. Further, referencing a utilization current of a 
corresponding division, a method is used to detect an intermittent disconnection, 
5 intermittent short, and region short. 

In the present invention, this method is performed through the detection 
of disconnections and shorts of all electrical devices connected to the relay/TR 
output unit 714, and the detected malfunction is recorded In a corresponding 
division. 

10 FIG. 16 shows a flow chart of a process for detecting a disconnection in 

devices operated by an output port. 

First, it is determined if a corresponding output port is in operation in 
step S1 . If the corresponding output port is in operation, it is determined if a 
corresponding interface is operating normally in step S2. If the corresponding 

15 interface is operating nonnally, it is determined if a corresponding fuse is 
operating normally in step S3. If the corresponding fuse is operating normally, It 
is determined if a corresponding relay is operating normally in step S4. 

Next, if the corresponding relay is operating normally, it is determined if 
a current value of a conresponding output element is smaller than a 

20 predetermined disconnection value in step S5. If the current value is smaller 
than the disconnection value, a corresponding disconnection detection 
frequency Is increased by 1 in step S6. It is then determined if the 
disconnection detection frequency of the corresponding output element is 
greater than a disconnection determination value in step S7. If it Is, a 

25 disconnection of the corresponding output element is recorded in step S8. 

If the determination result of any of the steps S1 - SS is negative, the 
disconnection detection frequency of the corresponding device is cleared in 
step S9, after which the process is ended. Also, in step S7, if the disconnection 
detection frequency of the corresponding output element is not greater than the 

30 disconnection detemnination value, the process is ended. 

FIG. 17 shows a flow chart of a process for detecting a short in devices 
operated by an output port. 

In step SI , it is determined if a corresponding output port is in operation. 
If the corresponding output port is operating, it is determined if a corresponding 

35 interface is operating normally in step S2- If the corresponding interface is 
operating normally, it Is detemriined if a corresponding fuse is operating 
normally in step S3. If the corresponding fuse is operating normally, it is 
determined if a corresponding relay is operating normally in step S4. 

Next, if the corresponding relay is operating normally, it is determined if 

40 a current value of a corresponding device is greater than a predetermined short 
value in step S5. If the current value is greater than the short value, a short 
detection frequency of the corresponding device is increased by 1 in step S6. It 
is then determined if the short detection frequency of the corresponding device 
.is..gceater than.a.short determination value in step S7..lf it-is,-a-corresponding. 

45 relay is controlled to off in step S8. Subsequently, the short of the 
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corresponding device is recorded in step S9. 

If the determination result of the steps SI - S5 is negative, the short 
detection frequency of the corresponding output element is cleared in step S10, 
after which the process is ended. Also, In step S7, if the short detection 
5 frequency of the coresponding device is not greater than the short 
determination value, the process is ended. 

FIG. 18 is a chart used to describe how normal, disconnection, and 
short states are detemnined according to a preferred embodiment of the present 
invention. . 

10 If the present value is within a predetermined normal value range, this 

is indicative of a normal state; if the present value is within a predetermined 
disconnection value range, this is Indicative of a disconnection state; and If the 
present value Is within a predetermined short value range, this is indicative of a 
short state. 

15 Next, the point at which an output variable value (intennittent 

disconnection, intermittent short) varies to above a reference value is detected. 
The disconnection detection frequency and the short detection frequency can 
be used, and after a cun-ent variation method is executed, it is determined if a 
utilization current variation frequency of a corresponding output element is 

20 greater than a predetermined determination value. If it is greater, the utilization 
current variation is recorded in a corresponding output element division, and if it 
is not greater the process is ended. 

The detection of malfunctions in devices rotated by an engine will now 
be described. 

25 In the conventional vehicle, automatic detection of rotational devices is 

only possible with the use of complicated equipment. 

In the present invention, if a pulse sensor is provided at a 
corresponding device, the detection of such malfunctions is possible together 
with the referencing of joint data. For example, if monitoring of an engine water 

30 pump, which is driven by a belt, Is desired, a sensor and a pulse ring are 
mounted on a drive shaft of the water pump and connected to a pulse sensor 
port. By checking a ratio of engine rpm to water pump rpm in a monitoring 
routine, a rotational state and a belt state of the water pump can be monitored. 
FIG. 19 shows a flow chart of a process for determining a rotational 

35 state of devices rotated by an engine according to a preferred embodiment of 
the present invention. 

Rrst, it is determined if a corresponding sensor or interface is 
malfunctioning in step SI . If there is a malfunction in the corresponding sensor 
or Internee, a ratio between engine rpm and rpm of a corresponding monitored 

40 device is calculated in step S2. Next, it Is determined if the ratio is greater than 
a predetermined permissible limit value provided in the microcomputer 709 in 
step S3. If the ratio Is greater than the pemnissible limit value, a rotational 
malfunction detection frequency of the corresponding device is increased by 1 
in step.S4. 

45 Subsequently, it is determined if the malfunction detection frequency is 
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greater than a determination value provided in tJie microcomputer 709 in step 
S5. If it is, a malfunction of the corresponding rotational device is recorded in 
step S6. In step S1 or S3, if the determination result is negative, step S7 is 
performed in which the malfunction detection frequency is cleared. Also, if the 
5 determination result of S5 is negative, and following steps S6 and S7, the 
process is ended. 

Next, the reading of voltage for each portion of the vehicle to generate 

a corresponding division in the current voltage detector 716 of the auxiliary 

controllers 700A - 700H will now be described. 
10 'n a method of detecting a battery connection defect to automatically 

control the voltage regulator, a battery connection defect in a high output 

generator can cause serious malfunctions in all electrical devices. 

M power is directly connected to the vehicle battery so that when 

vehicle power goes to off, power is not cut off. B power is connected to 
15 generator output such that when the battery is precisely connected, B power 

and M power are identical if a voltage drop caused by a cable is neglected. 

However, if the battery and generator are not connected, a charge 

voltage becomes unstable and the difference between the battery voltage and 

generator charge voltage increases as the generator output increases. If such a 
20 state develops, the generator output voltage must be reduced to below a 

charge voltage reference value, and also, the device must be protected and the 

driver alerted. 

Such a control method Is difficult to realize In the conventional vehicle. 
However, in the present invention, since voltages of each area are divided, this 
25 control is possible by referencing corresponding divisions of integrated code 
data. 

Further, if a battery connection defect is detected, this can be 
referenced in other locations such that intelligent automatic control is possible. 

FIG. 20 shows a flow chart of a process for detecting a battery 
30 connection defect and automatically controlling a voltage regulator according to 
a preferred embodiment of the present invention. 

In step S1, it is determined if a corresponding interface (division) is 
malfunctioning. If the corresponding Interface is malfunctioning, it is determined 
If engine RPM is greater than a prescribed value in step S2. If the engine 
35 RPM is greater than the prescribed value, it is determined if a B voltage is 
greater than an M voltage by more than a predetermined value in step S3. If it 
is, a battery connection defect detection frequency is increased by 1 in step 84. 

Next, rt is determined if the detection frequency is greater than a battery 
connection defect detemnination value provided In the microcomputer In step 
40 S5. If it is, a battery connection defect is recorded in step S6, then changed to a 
low voltage charge in step S7. In steps S1 - S3, if any one of the determination 
results is negative, the detection frequency is cleared in step S8. Also, if the 
determination result of step 85 Is negative, or after step 87 or 88 is completed, 
the process is ended. 

45 However, with a voltage regulator, when an IG power, B power, or N 
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power is greater or less than a reference voltage, since F output is controlled 
there are many limitations to such a method 

The automotive (bus) generator is increasingly able to supply more 
output. In a high output generator, if there is a disconnection or contact defect 
5 in an output wire, a voltage regulator determines only that a battery voltage is 
low and continues to supply power to an F wire. This results in an internal 
voltage of the generator becoming extremely high - several hundreds of volts. 
Accordingly, an output of an N voltage, to which devices are directly connected, 
also becomes several hundreds of volts such that the devices are damaged. 

10 Further, when the generator output line contact defect is again 

connected, it is possible for a high voltage to be abruptly generated. The cause 
of this malfunction is difficult to rectify through an electric device method. 

fig; 21 shows a flow chart of a process for detecting a generator 
output wire connection defect and controlling a voltage regulator according to a 

15 preferred embodiment of the present invention. In the process, an interface 
malfunction is checked and it is determined if a generator is operating. 

Since an output wire is in a disconnection state, the B power maintains 
a battery voltage, and since a generator N voltage is generated above a 
reference value, a generator control voltage is controlled to OV to cut off 

20 charging and a malfunction state is displayed. 

That is, it is determined if a corresponding interface Is operating 
normally in step S1 . If the interface is operating normally, it is determined if 
engine RPM is greater than a predetemiined value in step S2. If the engine 
RPM is greater than the predetermined value, it is detemiined if a generator N 

25 voltage is greater than a predetermined value in step S3. If it is, it is determined 
if a battery voltage Is less than a predetermined value in step S4. If the battery 
voltage is less than the predetermined value, a generator output wire 
connection defect detection frequency is increased by one in step S5. 

Next, it is determined if the detection frequency is greater than a 

30 detemnlnation value provided In the microcomputer in step S6. If it is, generator 
charging is discontinued in step S7, then a generator output wire connection 
defect is recorded in step S8. If any one of the determination results in steps 81 
- 84 is negative, the detection frequency is cleared in step 89. Aiso, if the 
determination result of step 85 is negative, or after step S9 or 88, the process 

35 is ended. 

Here, a generator F wire disconnection, short, output wire connection 
defect, generator output defect, generator belt slippage, interface malfunction, 
output TR malfunction, fuse short, etc. can be displayed, and symptoms for 
potential malfunctions can be detected. 

40 If the engine is operating at roughly 1000 RPM or more, generator 

charge current should be greater than the current used by the vehicle. If the 
charge voltage falls below a reference value of about 13.8V or 27.6V, the 
voltage regulator supplies electricity to the F coil to increase the amount of 
electricity generation.- If the charge voltage is less than the-reference -voltage 

45 and power is not supplied to the F coil, the voltage generator is malfunctioning, 
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and if power is supplied but charge voltage does not increase, the generator Is 
internally malfunctioning. A generator malfunction can be precisely detected by 
referencing records of a generator output wire malfunction, generator belt 
malfunction, charge cut-off, etc. 
5 Since there are always symptoms for a variety of malfunctions before 

they actually occur, malfunctions can be prevented by performing real-time 
detection of each division in order to detect such symptoms. 

FIG. 22 shows a flow chart of a process for detecting a generator 
malfunction according to a preferred embodiment of the present invention. 

10 First, it is determined if a corresponding interface is operating normally 

in step S1. If It Is, it Is determined if engine RPM is greater than a 
predetermined value in step S2. If engine RPM is greater than the 
predetermined value, it is determined if a battery voltage is less than a 
predetermined value in step S3. If the battery voltage Is less than the 

15 predetermined value, it Is determined if a generator F voltage is greater than a 
predetermined value in step S4. 

If the battery F voltage is greater than the predetermined value, a 
malfunction detection frequency is increased by 1 in step S5, Next, it is 
determined if the detection frequency is greater than a generator malfunction 

20 determination value provided in the microcomputer 709 in step S6. If it is, a 
generator malfunction is recorded in step S7. In steps SI - S4, if any one of the 
determination results is negative, the detection frequency is cleared in step S8. 
Also, if the determination result of step S6 is negative, or after step 88 or S7, 
the process is ended. 

25 FIG. 23 shows a flow chart of a process for detecting a malfunction in a 

generator N wire according to a preferred embodiment of the present invention. 

It is determined in step S1 if a corresponding interface is operating 
normally. If it is, it is determined if engine RPM is greater than a 
predetermined value in step S2. If engine RPM is greater than the 

30 predetermined value. It is determined if a generator N voltage is less than a 
predetermined value in step S3. If the generator N voltage is less than the 
predetermined value, it is determined if a battery voltage is normal in step S4. 

If the battery voltage is normal, a generator N wire malfunction 
detection frequency is increased by 1 in step S5. Next, It is determined if the 

35 detection frequency is greater than a generator N wire malfunction 
determination value provided In the microcomputer 709 in step S6. If it is, a 
generator N wire malfunction is recorded in step S7. In steps SI - S4, if any 
one of the determination results Is negative, the detection frequency is cleared 
in step 88. Also, if the determination result of step 86 is negative, or after step 

40 Sa or 87, the process is ended. 

FIG. 24 shows a flow chart of a detection and control process for a 
generator N danger voltage according to a preferred embodiment of the present 
invention. 

It is -determined if a corresponding interface is operating normally- in 
45 step 81 . If it is, it is determined if a generator N voltage is greater than a danger 
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voltage regulation value in step S2. If the generator N voltage is greater than 
the danger voltage regulation value, a generator N danger voltage detection 
frequency is increased by 1 in step S3. 

Next, it is determined if the detection frequency is greater than the 
5 generator N danger voltage determination value in step S4. If it is, a generator 
F power is cut-off in step S5 then the generator F cut-off is recorded in step S6. 
If any one of the detemnination results of step S1 and S2 Is negative, the 
detection frequency is cleared In step S7. Also, If the determination result of 
step S4 is negative, or after step S6 or S7, the process Is ended. 
10 FIG. 25 shows a flow chart of a detection and control process for a 

battery tennlnal defect according to a preferred emt)odiment of the present 
invention. 

It is determined if a corresponding interface is operating normally in 
step S1 . If it is. it is detemiined if engine RPM is greater than a predetermined 

15 value In step S2. If the engine RPM Is greater than the predetermined value, it 
is determined if a generator M voltage is less than a predetermined value In 
step S3. If the generator M voltage is less than the predetermined value, a 
battery terminal defect detection frequency is increased by 1 in step S4. 

Next, it is determined If the detection frequency is greater than a battery 

20 terminal defect determination value provided in the microcomputer 709 in step 
S6. If it is, conversion to low-voltage charging is performed in step S6, then a 
battery terminal defect is recorded in step S7. In steps S1 - S3, if any one of 
the detemnination results is negative, the detection frequency Is cleared in step 
S8. Also, if the determination result of step S5 Is negative, or after step S8 or 

25 S7, the process Is ended. 

FIG. 26 shows a flow chart of a detection and control process for an 
excess voltage according to a preferred embodiment of the present invention. 

First, it is determined if a corresponding interface is operating normally 
in step SI. If it is, it is detemnined if a battery voltage is greater than a 

30 predetenmined excess voltage value in step S2. If the battery voltage is greater 
than the excess voltage value, an excess voltage detection frequency is 
increased by 1 in step S3. 

Subsequently, it is determined if the detection frequency is greater than 
an excess voltage determination value in step S4. If it is, both an excess 

35 voltage detection and a voltage regulator malfunction are recorded In step S5. 
Next, conversion to an auxiliary voltage regulator is performed in step S6. If any 
one of the determination results of steps S1 and S2 is negative, the detection 
frequency is cleared in step S7. Also, if the determination result of step S4 is 
negative, or after step S6 or S7, the process is ended. 

40 FIG. 27 shows a flow chart of a detection process for a voltage 

regulator malfunction according to a preferred embodiment of the present 
invention. 

Rrst, It is determined if a corresponding interface is operating normally 
in.-step. S.1..- If it is, it Is.. .determined if . engine RPM Is greater, than- a. 
45 predetermined value, which is established for the detection of a voltage 
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regulator malfunction. In step S2. If the engine RPM is greater than the 
predetermined value, It Is detemnlned if a battery voltage is less than a 
predetermined value in step S3. If the battery voltage is less than the 
predetermined value, it is determined if a generator F voltage is less than a 
5 predetermined value, which is established for the detection of a voltage 
regulator malfunction, in step S4. 

If the generator F voltage is less than the predetermined value, a 
voltage regulator malfunction detection frequency is increased by 1 in step S5. 
Next, it is determined if the detection frequency is greater than a determination 

10 value for determining if there is a malfunction in the voltage regulator in step S6. 
If the detection frequency is greater than the detennlnation value, a voltage 
regulator malfunction is recorded In step S7. In steps SI - S4, if any one of the 
determination results is negative, the detection frequency is cleared in step S8. 
Also, if the detennination result of step S6 is negative, or after step S7 or S8, 

15 the process is ended. 

FIG. 28 shows a flow chart of a detection and control process for a 
danger voltage according to a preferred embodiment of the present invention. 

It is first determined if a corresponding interface is operating normally in 
step Si. If it Is, it is determined If a battery voltage Is greater than a 

20 predetemnined danger voltage value in step S2. If the battery voltage is greater 
than the danger voltage, a danger voltage detection frequency is increased by 
1 in step S3. 

Next, It is determined if the detection frequency is greater than a danger 
voltage determination value in step S4. If it is, a generator F power is cut-off in 
25 step S5. then a danger voltage detection is recorded in step S6. If any one of 
the determination results of steps S1 and S2 is negative, the detection 
frequency is cleared in step S7. Also, if the determination result of step S4 Is 
negative, or after step S6 or S7, the process is ended. 

In the methods described with reference to FIGs. 19 through 28, 
30 malfunctions are automatically processed similarly to the methods of 
malfunction detection used by an automotive technician. 

A motor applied to the present invention will now be described. 
FIG. 29 shows a schematic view of a motor connected to the relay/TR 
output unit 714 of the auxiliary controllers 700A - 700H. 
35 The motor is a DC motor enabling the generation of a substantial 

torque. Mounted on a rotating shaft of the motor is a pulse-ring for detecting 
motor RPM, and a main pulse sensor PULSE1 and an auxiliary pulse sensor 
PULSE2 are provided to enable reading of a motor rotational state by the pulse 
sensor input unit 703. Non-contact pulse sensors are used for the main and 
40 auxiliary pulse sensors PULSE1 and PULSE2 in order to increase the durability 
of these elements. Also, two pulse sensors are provided so that detection can 
be performed even if one pulse sensor malfunctions. 

The detection of most malfunctions in the motor can be performed 
using the current voltage detection method of the auxiliary controllers 700A - 
45 700H. For example, if a utilization current value of a corresponding motor 
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division is greater than a reference value, this may be indicative of motor 
sticking (bearing sticl<ing, damaged coil). If the utilization current value of the 
corresponding motor division changes to be greater than the reference value, 
this may be indicative of brush wear. 
5 Further, by referencing a rotational value and a current value of a 

corresponding motor, more precise malfunction detection is possible. For 
example, a problem in a rotation connection device is known to be occurring if 
the rotational value is greater than a reference rotational value and the current 
value is low. Since there is motor sticking if the current value is greater than the 

10 reference current value and there is no rotation, the motor is known to have 
stopped (there is the risk of fire If the DC motor is sticking and cunrent Is 
continuously supplied thereto). 

Therefore, by enabling the reading of the utilization current and rotation 
of the motor, motor malfunctions and symptoms indicating potential 

15 malfunctions can be detected using software such that intelligent control 
according to state is possible. Accordingly, information on states of pulse 
sensor divisions corresponding to motor divisions is read, and position control 
and speed control malfunction detection using a method is realized. An 
example of such motor position control is described hereinafter, in the example, 

20 a position value is a present position value of the motor, a stop position value is 
a predetermined value at which the motor stops, and a malfunction is a value at 
which stopping is permitted if within a malfunction permission range when not at 
the stop position. 

*when requiring forward rotation 

25 position code > subtracting malfunction from stop code = forward 

rotation 
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Even if the malfunction is subtracted from the stop code, when the 
present positicn of the motor is smalt, forward rotation must take place. 
*when requiring reverse rotation 
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Even if the malfunction is added to the stop code, when the present 
position of the motor is large, reverse rotation must take place. 
35 *when requiring stopping 

when not requiring fonvard. or reverse rotation. 

Automatic detection of a start position of the position control motor will 
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now be described. 

When the motor undergoes reverse rotation, data of a corresponding 
pulse sensor are checked, if the motor can no longer rotate so that there is no 
input pulse or the motor is rotating below a permissible limit, the motor is 
5 stopped and that position is set as the start position (devices connected to the 
motor shaft are unable to continue operation when reaching a maximum 
position and minimum position). 

When the motor undergoes fonA/ard rotation, input pulses are counted 
and data of a corresponding pulse sensor are checked. If the motor can no 
10 longer rotate so that there is no input putse or the motor is rotating below a 
permissible limit, the motor is stopped and that position is set as the end 
position. 

Further, with regard to initialization of the motor, after motor stop 
position data are cleared, motor end position data are also cleared if needed. 
15 Also, an input data address of a reserved sensor is recorded, and after 
determining if a reserved output port is malfunctioning (power, output interface, 
relay or TR), it is determined if a reserved sensor is malfunctioning (sensor, 
sensor interface). 

Next, a start position automatic recordal routine is performed if a motor 
20 start position is needed, and an end position automatic recordal routine is 
performed if a motor end position Is needed. When operated using a direct 
switch, the end position is recorded in advance (used when controlling a 
predetermined angle as with stopping of the engine). Subsequently, when 
controlling the motor in an applications program, recordal in control data of a 
25 corresponding motor is performed. 

Calling of a motor control procedure will now be described. 
A procedure is connected to a switch to be operated when the switch is 
operated, and is registered in an interrupt such that operation begins 
simultaneously with booting. When the procedure connected to the switch is 
30 called, a number motor control procedure connected to a motor switch is called 
if the switch is controlled to on, and if controlled to off, the number motor control 
procedure connected to the motor switch is stopped. 

Further, a motor control procedure registered in a timer interrupt 
initiates the operation of a initialization procedure during booting, and a motor 
35 control procedure is sequentially called when the interrupt is a corresponding 
motor control interrupt, thereby operating the motor such that the stop position 
value equals the present position value. 

The motor control method is realized through the following process. 
Every time the timer interrupt is stuck, inspection control is performed, 
40 and the motor control procedure is called at the same rate as the pulse input 
speed. The change from forward rotation to reverse rotation is not immediate, 
and instead is performed by first stopping for a predetermined interval then 
rotating the motor in the reverse direction. The reverse rotation and forward 
jotation states of. the . motor are recorded in a counter to minimize rotational 
45 position error caused by inertia. 
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Also, from the stopped state, a delay of a predetermined time is 
generated during a stop delay counter, and a time the stopped state is not 
generated during a predetermined time is recorded in a rotational effective 
counter to check for motor malfunctions. 
5 The position control motor is determined to be malfunctioning If it has 

not reached the stop position after a predetermined interval following Its rotation 
in one direction. In this case, the motor is stopped to protect the motor. 

If motor RPM can be read in real-time. DC motor position control, 
speed control, malfunction detection, etc. can be performed without the use of 
10 additional devices. 

FIG. 30 shows a flow chart of a process for detecting a malfunction in a 
motor rotation state according to a preferred embodiment of the present 
Invention. 

First, it is determined if a corresponding motor is in operation in step SI . 

15 If the motor is operating. It is determined if a corresponding sensor or a 
corresponding interface is operating normally by reading state information of a 
corresponding division in step S2. Next, if the corresponding sensor or 
corresponding interface is operating normally, it is determined if a 
corresponding fuse is operating normally in step S3. If it is, it is then determined 

20 if a corresponding relay is operating normally in step S4. 

If the corresponding relay is operating normally, it is determined if a 
rotational value of the corresponding motor is less than a permissible limit value 
in step S5. If the rotational value is less than the permissible limit value, a 
malfunction detection frequency of the corresponding motor is increased by 1 in 

25 step S6. Next, it is determined if the motor malfunction detection frequency of a 
corresponding division is greater than a motor rotational state malfunction 
determination value in step S7. If it is, recordal of the inability of the 
corresponding motor to rotate is recorded in the corresponding division In step 
S8. 

30 In any one of steps 81 85. If the determination result is negative, the 

rotational malfunction detection frequency of the corresponding motor is 
cleared in step 89. Also, if the determination result of step 87 is negative, or 
after step 88 or 89, the process is ended. 

FIG. 31 shows a flow chart of a process for detecting a malfunction in a 

35 position control motor according to a preferred embodiment of the present 
invention. Here, the position control motor is determined to be malfunctioning if 
it has not reached the stop position after a predetermined inten/al following its 
rotation in one direction. 

First, it is determined if a corresponding motor is in operation in step S1 . 

40 If the motor is operating, it is determined if a corresponding sensor or a 
corresponding interface is operating normally. Next, if the corresponding sensor 
or corresponding interface is operating normally, it is determined if a 
corresponding fuse is operating normally in step 83. If it is, it is then determined 
if a corresponding relay, is operating normally in step. 84. If the corresponding. 

45 relay is operating normally, it is determined if a stop position arrival delay 
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effective time of the corresponding motor has elapsed in step S5. 

If the time has elapsed, it is determined if the stop position was unable 
to be reached in step S6. If the stop position was unable to be reached, 
malfunction of the corresponding motor is recorded In step S7. In any one of 
5 steps S1 - S6, if the determination result is negative, the process is ended. The 
process is ended also after step S7. 

(Switch control] 

Switching control in the present invention will now be described. 
Methods for controlling electrical devices in vehicles include methods 
10 performed by electronic control devices and methods directly controlled by the 
driver. However, much wiring is required with both methods. This is particularly 
true for the direct control method where control switches are used, which is 
additionally problematic as a result of the complicated switch contact points. 

Describing a lighting switch as an example of the switch direct control 
15 method, the lighting switch includes an off, first stage, and high beam and low 
beam changeover switch. Control conditions for the headlight switch include 
only the first stage being on, both the first stage and second stage being on in a 
second stage position, the high , beam and low beam being on only in the 
second stage position, and being operated in all states of the first and second 
20 stages including the off of a passing high beam. 

In order to realize such a method, most lighting switches use internal 
contact points and a mechanical integrated method (realization through an 
electronic control device must be converted again in the vehicle such that it is 
not efficient). Further, switches with this complicated mechanical structure are 
25 used for control in many control areas of the vehicle. 

In the present invention, if a switch is controlled, only a digital control 
code indicating the pressing of a corresponding switch is transmitted to all the 
controllers and the realization of all actions of switches of the vehicle is a 
method of a corresponding region. The correspondence to mechanical switch 
30 contact points is realized in a variable (memory space) of a corresponding 
switch such that a simple switch structure is possible. 

With reference to FIG. 2, if control values generated in the switch 
controller 600 are transmitted to the auxiliary controller of a corresponding 
region and to the central controller 1 00 through communications cables, each 
35 corresponding controller analyzes a control code to process the same in a 
corresponding region using a method. Accordingly, wires of the control switches 
and complicated contact points are not required. 

Further, control by the control codes enables any applications program 
to be easily connected, starting with sound control. 
40 FIG. 32 shows a schematic view of the panel switch 300. 

The panel switch 300 includes S2 switches, S1 switches and P 
switches. Functions of the S1 switches and P switches are varied into 
corresponding functions according to the state of the S2 switches. 
Corresponding states are displayed on a switch monitor. and by LEDs,.and. 
45 control codes corresponding to activated switches are generated. 
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In an S2 mode, the SI switches are not affected by other switches and 
can be Individually controlled to on and off. Also, the corresponding states of 
the S1 switches are displayed on the switch monitor and through the LEDs, and 
control codes of the activated switch are generated. In an S1 mode, the P 
5 switches are program switches that are able to be controlled as a single switch 
after several switches are registered in the S2 mode. Here also, the 
corresponding states of the S2 switches are displayed on the switch monitor 
and through LEDs, and control codes of the activated switch are generated. 

There is an LED in each switch so that the activation of the switches 

10 can be displayed. This also enables switch operational states to be checked 
when the switch monitor is used for an instrument simulation, etc. 
FIG. 33 shows a schematic view of the remote switch 400. 
The remote switch 400 can be used as an auxiliary switch of the panel 
switch 300. The remote switch 400 separately has specific S2 switches, and the 

15 S2 switches and P switches can be disconnected and placed at required 
locations for remote control. 

That Is, each remote switch can have a separate S2 initialization value, 
and an S2 initialization value can be temporarily varied. Also, the P switches 
can be increased and decreased, and on/off controlled. 

20 Included are P increase switches structured so that only controlled to 

on are panel P switches, which are increased by as many "on" times the P 
increase switches of the remote switch are controlled to on (depressed P 
switches are controlled to on and other P switches remain ofO; P reduction 
switches structured so that only controlled to on are the panel P switches, 

25 which are reduced by as many "on" times the P reduction switches of the 
remote switch are controlled to on; S2 temporary increase switches structured 
so that only controlled to on are panel S2 switches, which are increased by as 
many "on" times of the S2 temporary increase switches of the remote switch; 
and check/cancel switches for providing permission or canceling when a control 

30 check request is made in the automatic control applications program. 

S2 position variations of the remote switch are temporarily effective 
only during a delay time, and if there is no switch input such that the delay time 
elapses, automatic initialization to a specific S2 position, established in the 
corresponding remote switch, is performed. 

35 The remote switch 400 makes it so that a remote S2 increase start S2 

position is always started from an S2-1 first switch when the specific S2 value 
included in each remote switch is varied, and the S2 position can be inferred 
even if the S2 position is not checked on the screen. 

FIG. 34 shows a detailed block diagram of the switch controller 600. 

40 The switch controller 600 includes chattering removal units 601, 602 

and 603 for removing chattering which is generated at switch contact points 
during switch input of the panel switch 300 and the remote switch 400; toggle 
state memory units 604, 605 and 606 for separating odd operational 
frequencies and even operational frequencies -from output of the chattering 

45 removal units 601 - 603; S2, SI and P switch ports 607. 608 and 609 
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connected to the toggle state memory units 604 - 606 and which enable 
reading of a presently pressed switch button by a microcomputer 617; an 
interrupt generator 610 for enabling the microcomputer 617 to read a port 
generated by switches when the switches are depressed; a self-diagnosis 
5 Interface unit 61 1 and a self-diagnosis port 612 for performing a self-diagnosis 
of switch devices; and a data bus 613 connected to each of the ports 607, 608, 
609 and 612 for sending control output values according to the various Input. 

Also included are a monitor output port 614 for controlling the monitor 
500 through the data bus 613; an LED output port 615 for controlling the switch 

10 LEDs through the data bus 613; a pulse output unit 616 for transmitting pulse 
values corresponding to each switch input to the switch Input unit 705 of the 
auxiliary controllers 700a - 700H. the pulse output unit 616 having a pulse 
output port 616a and a pulse interface 616b; the microcomputer 617 for 
outputting corresponding control values and pulse values according to each 

15 switch input to the monitor output port 614, the LED output port 615 and the 
pulse output unit 616; a ROM 618 for storing a system operation program; and 
a RAM 619, which Is a memory for data processing. 

The chattering, removal units 601 - 603 remove the chattering 
generated at the switch contact points during switch input of the remote switch 

20 400 and the S2, S1 and P switches. Output of the chattering removal units 601 
- 603 is input to the toggle state memory units 604 - 606, and the toggle state 
memory units 604 - 606 separate odd operational frequencies and even 
operational frequencies of the switches and records the same In the S2. SI and 
P switch ports 607 - 609 such that on and off states of switches can be 

25 displayed. The switch ports 607 - 609 enable reading of a currently pressed 
switch button by the microcomputer 617. 

The Intenrupt generator 610 enables the microcomputer 617 to read a 
port generated by the switches when the switches are depressed. The self- 
diagnosis interface unit 611 and self-diagnosis port 612 perfomn a self- 

30 diagnosis of switch devices, and transmit the results to the microcomputer 61 7 
through the data bus 613. The monitor output port 614 controls the monitor 500 
according to control data of the microcomputer 617 and enables display 
according to switch states. The LED output port 615 illuminates LEDs of 
switches controlled to on. The pulse output unit 616 generates control codes 

35 corresponding to depressed svwtches according to control by the 
• microcomputer 61 7. 

Codes generated in the switch controller of the present invention are 
simultaneously transmitted to the auxiliary controllers 700 and the central 
controller, which reference predetermined switch data In the Integrated code 

40 data to reserve calling of a method corresponding to the received code in the 
Integrated code data. The resen/ed value checks states in the method and calls 
the method. 

When an S21-S1 (S2-1 switch is on and SI switch is depressed) 
control code Is generated, the switch control method references an 821 -SI 
45 switch division property value, and in a chart below as an example of a method 
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for controlling an output port of the corresponding controller, controls an output 
port corresponding to a predetermined value in a corresponding switch division 
property. 

Further, the pulse output port 616a generates a pulse corresponding to 
5 the presently depressed switch according to control by the microconnputer 617, 
the pulse interface unit 616b performs an interface function to ensure stability of 
pulses, which are output through the pulse output port 616a, up to the switch 
input unit 705 of the auxiliary controllers 700A - 700H. 

In the switch unit of the present invention, if there are eight S2 switches, 
10 eight SI switches, and eight P switches, it is possible to have 24 buttons on the 
panel switch 300. However, in the switch routine of the switch controller 600. 
there comes to be as haany switch routine established tables as needed and a 
total of 128 switches is effectively realized. 

For example, if an output port control table established in a first switch 
15 is set up as 1 ,3,5, if the first switch is on the 1 ,3,5 ports are set, and the relay or 
TR are on such that the device connected to the corresponding port is operated. 

If the first switch is off, the 1.3,5 ports are cleared and the device 
connected to the corresponding port is off. If the output control table is 
processed, a routine connected to the first switch is inspected and connected 
20 routines are stopped in order. 

FIG. 35 shows a flow chart of a switch input processing operation of the 
auxiliary controllers 700A - 700H. 

It is first determined if the pulse input to the switch Input unit 705 
con-esponds to SI switch input in step S1. If It does, it is determined if the pulse 
25 is an SI switch on pulse in step S2. If the pulse is an SI switch on pulse, a 
present switch table S2 position pointer is referenced and an output port 
established In a corresponding SI switch is controlled to on, and if there is a 
routine connected internally a corresponding routine is called in step S3. 
However, if the pulse is an SI switch off pulse In step S2. the present switch 
30 table S2 position pointer is referenced and an output port established in a 
con^esponding SI switch is controlled to off, and If there is a routine connected 
internally a corresponding routine is stopped in step S4, after which the process 
is ended. 

In step SI. if the pulse input to the switch input unit 705 does not 
35 conrespond to S1 switch Input, it is detennined if the pulse corresponds to 
switch input of the remote switch 400 in step S5. If the pulse corresponds to 
switch input of the remote switch 400 (since the remote switch 400 has an S2 
characteristic value, transmission is performed through a single pulse code 
including the S2 position value and P switch position value), a corresponding 
40 pulse is decoded to be separated into an S2 switch pulse and a P switch pulse, 
and an S2 position is recorded in step S6. 

Following step S6. a mode of a present S2 switch is referenced and 
output ports and routines connected to the P switch, which is in an on state, are 
controlled to off in- step 87. Next, the mode of the present S2 switch- Is 
45 referenced and output ports and routines connected to the presently input P 
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switch are controlled to on in step S8, after which the process is ended. 

In step S5, if the pulse does not correspond to switch Input of the 
remote switch 400, it is determined if the pulse corresponds to P switch Input of 
the panel switch 300 in step S9. If the pulse con-esponds to P switch input of 
5 the panel switch 300, it is determined if the pulse is a panel P switch off pulse in 
step SI 0. 

If the pulse is not a panel P switch off pulse and instead is a panel P 
switch on pulse, steps S7 then S8 are performed. However, if the pulse is a 
panel P switch off pulse (since all P switches of the present S2 position are ofO, 
10 all S2 switches are referenced and output ports and routines connected to P 
switch, which is in an on state, are controlled to off in step S1 1 , after which the 
process is ended. 

In step S9, if the pulse does not correspond to the P switch input of the 
panel switch 300, it is determined If the pulse corresponds to S2 switch input of 
15 the panel switch 300 in step SI 2. If the pulse corresponds to S2 switch input, a 
new switch table S2 position pointer corresponding to the presently depressed 
S2 switch is designated in step SI 3. However, if in step SI 2 the pulse does not 
correspond to S2 switch input of the panel switch 300, the process is ended. 

FIGs. 36a - 36c show flow charts of a switch input process of the 

20 switch controller 600. 

First, it is determined if a depressed switch is a panel switch, that is, an 
S2 switch, an SI switch, or a P switch in step SI . If the depressed switch is an 
S2 switch, an S2 temporary change effective timer of the remote switch 400 is 
set to 0 in step S2. Next, a temporary S2 switch value of the remote switch 400 

25 is replaced with a presently depressed panel S2 position value in step S3, after 
which a pulse corresponding to the presently depressed switch is transmitted to 
the switch input unit 705. Following this step, a switch LED and a screen of a 
switch monitor are refreshed In step S5, after which the process is ended. 

In step SI. if the depressed switch is not a panel switch, it is 

30 determined if the depressed switch is a remote S2 increase switch in step S6. If 
the depressed switch is a remote S2 Increase switch, it is determined If the S2 
temporary change effective timer is zero when an S2 increase switch in the 
remote switch 400 is input in step S7. If it is, since change from a remote switch 
S2 characteristic position Is taking place for the first time, an S2 temporary 

35 position is started from an S2_1 number to replace a remote switch temporary 
change S2 value of the switch controller 600 with the S2_1 number, the S2 
temporary change effective timer is reset to enable a switch control routine to 
reference a temporary S2 switch position pointer, and a pulse con-esponding to 
a value of the S2_1 number is output in step S8. 

40 However, in step S7, if the S2 temporary change effective timer is not 

zero, since a present S2 temporary change switch position value is effective, it 
is determined if the value is a final switch value in step S9. If it is the final switch 
value, the process Is ended (since movement to a subsequent position is not 
possible).-lf it is not the final switch value, the value is increased from a present 

45 temporary S2 switch position pointer to a subsequent temporary S2 switch 



wo 01/02756 



PCT/KROO/00690 



40 

position pointer, the S2 temporary change effective timer is reset, and a 
corresponding pulse is output in step S10. Following step S8 or S10, step S5 is 
performed then the process is ended. 

In step S6, if the depressed switch is not a remote S2 increase switch, 
5 it is determined if the depressed switch is a remote S2 reduction switch in step 
S1 1. If it is. It is determined if the S2 temporary change effective timer Is 0 in 
step SI 2. If it is, step S5 is performed then the process is ended. However, if 
the S2 temporary change effective timer is not 0, It Is determined if a present 
S2 temporary change switch position value is an S2_1 number switch value in 

10 step SI 3. If it is, the process is ended since no further reduction is possible. 
However, if is not, a position corresponding to a temporary S2 switch position 
reduced by 1 from the temporary S2 switch position pointer is set as the 82 
switch temporary position pointer, the S2 temporary change effective timer is 
reset, and a corresponding pulse is output in step S14. Step S5 is then 

15 performed and the process is ended. 

In step S1 1 , if the depressed switch is not a remote S2 reduction switch. 
It is determined if the depressed switch Is a remote P increase switch in step 
S15. If it is, it is determined if the S2 temporary change effective timer is 0 in 
step SI 6. If the S2 temporary change effective timer is 0, it is then determined if 

20 a present P switch on position is a final switch in step S17. If the present P 
switch on position is a final switch, the process is ended. However, if the 
present P switch on position is not a final switch, the S2 switch position pointer 
is renewed to a characteristic S2 switch position pointer position established in 
the corresponding remote switch 400, a value increased by one from the 

25 present P switch on position is added to the S2 value, and a pulse is generated 
in step S1 8. 

In step S16, if the S2 temporary change effective timer is not 0, it is 
determined if the present P switch on position is a final switch in step SI 9. If the 
present P switch on position is a final switch, the process Is ended since no 

30 further increase is possible. However, if the present P switch on position is not 
a final switch, the 82 temporary change effective timer is reset In step S20. 
Next, a position value In which a P switch on position is increased by 1 is aoded 
to the present temporary S2 value to generate a pulse in step S21 , after which 
step S5 is performed then the process is ended. 

35 In step S15, if the depressed switch is not a remote P increase switch, 

it Is determined if the depressed switch is a remote P reduction switch in step 
S22. If it is not, the process is ended. However, if the depressed swi?.:h is a 
remote P reduction switch, it is detemiined if the S2 temporary change e ' ective 
timer is 0 in step S23. If it is, it is then determined if the present P swicch on 

40 position is a first switch in step S24. If it is the first switch, since no further 
reduction is possible, the process is ended. However, if the present P switch on 
position Is not the first switch, the S2 switch position pointer is renewed to a 
characteristic S2 switch position pointer position established in the 
corresponding remote switch 400, a value decreased^by one from a present 

45 switch on position is added to the S2 value, and a pulse is generated in step 
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S25. Following this step, step S5 is performed then the process is ended. 

In step S23, if the S2 temporary change effective timer is not 0» it is 
determined if the present P switch on position is a first switch in step S26. If it is 
the first switch, the process is ended. However, if the present P switch on 
5 position is not the first switch, the S2 temporary change effective timer is reset 
in step S27. Next, a position value in which a P switch on position is subtracted 
by 1 is added to the present temporary S2 value to generate a pulse in step 
S28, after which step S5 is performed then the process is ended. 

In the above, the screen state of the switch monitor 500 is varied 

10 according to the temporary S2 position state of the remote switch 400 and the 
S2 position state of the panel switch 300. Selection of the temporary S2 
position and S2 position is determined by the S2 temporary change effective 
timer. At the instant the value of the S2 temporary change effective timer 
becomes 0, an Internal interrupt is generated and the screen is transposed from 

15 a temporary S2 position value to a corresponding remote switch characteristic 
S2 position value, and also the screen of the switch monitor 500 changes to a 
screen corresponding to the S2 position value. 

Next, an explanation is given to help in the understanding of the remote 
switch 400. Here, it is assumed that a remote switch 1 characteristic S2 position 

20 is established at an extemal lighting device, a wide light, taillight and license 
plate light are connected to an external lighting device PI switch, and the wide 
light, taillight and license plate light are connected to a P2 switch. If a P 
increase switch of the remote switch 1 is depressed once, the wide light, 
taillight and license plate light at the P1 switch are controlled to on, and if the P 

25 increase switch of the remote switch 1 is again depressed, the same lights are 
controlled to off and the wide light, taillight, and license plate light connected to 
the P2 switch are controlled to on. 

In the above remote switch state, if the S2 increase switch is depressed 
twice, change is made to an internal lighting device registered in S2_2 and the 

30 switch state of the presently operating Internal lighting device is displayed on 
the monitor and LED. If there is no input of the remote switch 1 for a 
predetermined interval, conversion back to the remote switch 1 characteristic 
S2 position is performed, and the monitor 500 and LED are refreshed. 

To help in understanding the auxiliary controllers 700A - 700H and the 

35 switch processing of the switch controller 600, a table is structured in which 
there are established four panel switches, an S2 switch position pointer in the 
table stores a panel S2 switch position or a remote switch characteristic S2 
position, a remote temporary S2 switch position pointer stores an S2 position 
temporarily changed in the remote switch, and an S2 effective delay timer 



40 stores an effective time of a lastly depressed remote switch in a state where the 
S2 position is in a state temporarily changed in the remote switch. 
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Further, in the booting program, the switch establish table uses data of 
the ROM 710 of the auxiliary controllers 700A - 700H by copying the data in 
the RAM 711, and it is able to re-establish a connection routine. The present 
5 invention does not operate through switches, and is restored when the switch 
establish table is stored and re-established for use in order to occupy output 
ports in the applications programs at the time when output ports in applications 
programs of the central' controlierl 66 and auxiliary controllers 766A - 70'0H are 
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controlled, and when and the applications program is ended. 

Next, software processing of controllers will be described. 

FIG. 37 shows a flow chart of a turn signal controller routine realized 
through software. State information of the division to be used is first read, and 
5 output element divisions In a short malfunction state take measures against the 
inability to supply power, etc., then a method as in the following is called. 

That is, it is first determined if a timer value is a predetermined value 
corresponding to a right turn signal in step S1. if it is, it is determined if switch 
input corresponds to a right turn signal "on" operation in step S2. If the switch 
10 input corresponds to a right turn signal on operation, a right signal interrupt 
frequency is increased in step S3, after which it is determined if the signal 
interrupt frequency is a frequency requiring "on" in step S4. If It is, a 
corresponding right signal output port is controlled to on in step S5. 

In step S2 or step S4, if the determination result is negative, the 
15 corresponding right signal output port is controlled to off in step S6. Also, after 
step S6 or S5, the process is ended. 

FIG. 38 shows a flow chart of a speed control controller routine realized 
through software. 

First, it is determined if a timer value is a predetermined speed (e.g., 
20 100l<m) control operation value in step S1. If the timer value is the 
predetermined speed control operation value, it is determined if a present 
speed is greater than the predetermined speed in step S2. If the present speed 
is greater than the predetermined speed, a speed control motor is re- 
established at a stop position in step S3. However, if the present speed is not 
25 greater than the predetermined speed, the speed control motor is re- 
established at an acceleration position in step S4. The process is ended after 
step S3 or S4, or if the result of the determination of step S1 is negative. 

FIG. 39 shows a flow chart of a voltage regulator routine realized 
through software. 

30 in step SI, it is determined if a timer value is a predetermined voltage 

regulator control operation value in step S1. If the timer value is the 
predetermined voltage regulator control operation value, it is determined if a 
present voltage is greater than a predetermined voltage (e.g., 27.8V) in step S2. 
If the present voltage is greater than the predetermined voltage, an output port 

35 connected to a generator F coil is cleared in step S3. However, if the present 
voltage is not greater than the predetemnined voltage, the output port 
connected to the generator F coil is set in step S4. The process is ended after 
step S3 or S4, or if the determination result of step S1 is negative. 

As described above, required divisions are renewed and revised 

40 through the integrated code data, division variables are altered, and methods 
can be called and combined. Accordingly, the programmer can consider only 
division control methods (divisions and parts maintain identical characteristics), 
and those not well versed in the usage of hardware can perform the control of 
overall control devices through software. 

45 The following tables show processing methods of each device in the 
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present invention. The "monitor" refers to the switch monitor 500 of FIG. 2. 
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Part 


Classification 


Device 
Classification 


Distinguishing 
Means 


Process method 


Digital clock 


Misc. devices 


Clock circuit 


Transmission 
means 


Simulation in 
monitor by 
central controller 


Auto grease 
injection 
indication lloht 


Instnjment 
device 


Instrument circuit 


Transmission 
means 


M 


Pre-heater 
indication light 


Instrument 
device 


Instnjment circuit 


Transmission 
means 


M 


viiiuaiycs yauycp 


device 


11 1911 Ul 1 Id li \0%9 VUll 




M 


L/increnuai lucrv 
indication light 


Inctn imAffi^ 

iriairurrieriL 

device 


iiioiiuiTieiii ciruuiL 


means 


tt 


r* 1 Kj opersiuon 
indication fight 


insuumeni 
device 


insuumeni circuii 


1 ransmissiori 
means 


t* 


L/ireciton 

indication light 
vngni; 


mSuXImeni 

device 


insirumeni circuii 


1 rans miss ion 
means 


CS 


Direction 

inuicauon iiyni 
(left) 


Instrument 
uevice 


Instrument circuit 


Transmission 

inedna 


M 


nign*De3m 
indication light 


inouUmeni 
device 


inoirurricnL circuii 


1 iCllldll llddiUll 

means 


SS 


Parking brake 

IliUIUclUUn llglll 


Instrument 

UCVIUC 


Instrument circuit 


Transmission 


U 


Reverse 


Instrument 


Instrument circuit 


Transmission 


M 


Brake fault 
indication Itaht 


Instrument 
device 


Instrument circuit 


Transmission 
means 

p ■ i^#«4« i^p 


M 


Exhaust brake 
indication lioht 


Instrument 
device 


Instrument circuit 


Transmission 
means 


M 


Driving record 


Instrument 
device 


Drive record 
aauae 


Indicator (gauge) 


M 


Coolant 

temperature 

gauge 


Instrument 
device 


Instrument circuit 


Indicator (gauge) 


U 


Oil pressure 

gauge 


Instrument 
device 


Instrument circuit 


Indicator (gauge) 


•< 


Speed indication 
light (left) 


Instrument 
device 


Instrument circuit 


Transmission 
means 


M 


Fuel gauge 


Instrument 
device 


Instrument circuit 


indicator (gauge) 


M 


Speed indication 
light (central) 


Instrument 
device 


Drive record 
gauge 


Transmission 
means 


U 


Speed indication 
light (right) 


Instrument 
device 


Drive record 
gauge 


Transmission 
means 


U 
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Part 


Classification 


Device Ctassificatton 


Distirtguishing 
Code 


Process method 


Drive Record Gauge 


Instrument device 


Instnjment circuit 


Indicator 


Simulation in monitor 
by central controller 


Cap lock open 
indication fight 


Instrument device 


Instrument circuit 


Transmission means 




Instrument panel light 


Instrument device 


Instrument circuit 


Lamp 


M 


Air tank warning light 


Instrument device 


Instrument circuit 


Transmission means 


M 


Seat belt indication 
light 


Instrument device 


Instrument circuit 


Transmission means 




Operation indication 
right 


Instrument device 


Instrument circuit 


Transmission means 


U 


Door open warning 
light 


Instrument device 


instrument circuit 


Transmission means 


M 


Charge warning tight 


Instrument device 


Instrument circuit 


Transmission means 


44 


Air fitter warning light 


Instrument device 


Instrument circuit 


Transmission means 




Oil pressure warning 
light 


Instrument device 


Instrument circuit ' 


1 1 oi idi 1 iisKiiuri iiicaj la 


U 


T/M high indication 
fight 


Instrument device 


Instrument circuit 


1 1 eu iji 1 itaaim i (iioaiia 


M 


Door switch (right) 


Safety device 


Door switch circuit 


Switch 


r iu(«<s5»on in owiicn 
enntroflw 


Air conditioner switch 


Air conditioner device 


Air conditioner circuit 


Switch 


w 


Door lock device 
switch 


Electrical device 


Door k>ck circuit 


Switch 


M 


Power window switch 
(right) 


Electrical device 


Power window 


Swibdi 


M 


Auto mirror heater 
switch 


Misc. device 


Auto mirror circuit 


Switch 


W 


Wiper intermittent 
control switch 


Electrical device 


Wiper circuit 


Switch 


W 


Interior light switch 4 


Light device 


Interior light circuit 


Switch 


M 


Fan motor switch 


Fan device 


Fan circuit 


Switch 


M 


Interior Bght switch 2 


Light device 


Interior light circuit 


Switch 


U 


Parking switch 


Light device 


Parktng^light circuit 


Switch 


M 


Horn switch 


Electrical device 


Horn circuit 


Switch 




Exhaust brake switch 


Electrical device 


Exhaust brake circuit 


Switch 


U 


Cap lock switch 


Misc. devices 


Cap tilt 


Switch 


M 


Emergency light 
switch 


Light device 


Emergency light 
circuit 


Switch 




Operation light switch 


Misc. devices 


Operation light circuit 


Switch 




Interior fight switch 1 


Light device 


Interior fight circuit 


Switch 




Differential lock 
switch 


Misc. devices 


Differential k^ck 
circuit 


Switch 


M 


Light switch 


Ught device 


Light circuit 


Switch 


M 


Interior light switch 3 


Light device 


Interior light circuit 


Switch 


M 


Cargo switch 


Lighting device 


Cargo circuit 


Switch 


M 


Fog fight switch 


Light device 


Fog light circuit 


Switch 


U 


Bed heater switch 


Misc. devices 


Bed heater device 


Switch 




Direction ir^icator 
fight switch 


Ught device 


Direction fight circuit 


Switch 


M 


Power window switch 
(left) 


Electrical device 


Power window 


Switch 
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Part 


ClassTfication 


Device classification 


Distinguishing code 


Process method 


Auto grease switch 


Electrical device 


Auto grease circuit 


Switch 


Processing in switch 
controller 


Dimmer switch 


Light device 


Light circuit 


Switch 


«* 


Interior switch 5 


Light device 


Interior circuit 


Switch 


w 


Interior switch 6 


Light device 


Interior circuit 


Switch 




Door switch (left) 


Safety device 


Door switch circuit 


Switch 


w 


Setf-diagnosis switch 


Instrument device 


Instrument circuit 


Switch 




Pan fresh switch 




~<tf 1 WllCUli 


owticn 


At 


Wiper switch 


Electrical device 


Wiper circuit 


Switch 


M 


lyiiiUon awiicn 


lyniiiun a^vico 


Ignition device 


owitcn 




Auto mirror switch 


Miscellaneous 
devices 


Auto mirror circuit 


Switch 


m 


Chime bell 


Service device 


Chime bell 


Transmission mearvs 


Sound processing in 
central controller 


Sound processing 


Service device 


Sound processing 
device 


Controller 


M 


Vehicle navigation 
device 


GIS device 


Vehicle navigation 

device 


Device 


Applications 
processing in centra 
controller 


Ccwnmunications 


Communications 
device 


Communications 
device 


Device 


Communications 
processing *di central 
confroller 


Video 


image device 


Video device 


Device 


DVD processing in 
central controll^ 


Radio 


Sound device 


Cassette circuit 


Transmisston means 


MPEG processing in 
central con^oller 


Door lock device 
relay 


electrical device 


Door lock ctrcurt 


Relay 


Processir^ internally 
by auxiOaiy controller 


Generator voltage 


Charge device 


Charge circuit 


Controller 


M 


w^ifs tlxsdilxtT relay 


Meaier oevico 


Kre neater 


-s 

Relay 




Cap tiit relay 


Miscellaneous 
devices 


Cap tilt 


Relay 


M 


Direction indicator 
relay 


Light device 


Direction light circuit 


Controller 


M 


Headlamp upper left 
relay 


Light device 


Light circuit 


Relay 


M 


Wiper high speed 
relay 


Electrical device 


Wiper circuit 


ControQer 


*4 


Light control driving 
light relay 


Light device 


Light circuit 


Relay 


u 


Auto grease unit 


Electrical device 


Auto grease circuit 


Controller 


M 


Wiper low speed 
relay 


Electrical device 


Wiper circuit 


Controller 




Compressor relay 


Air conditioner device 


Air conditioner circuit 


Relay 


M 


Headlamp lower left 
relay 


Light device 


Light circuit 


Relay 
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Kan 


Qassification 


Device Ctassiftcation 


Distinguishing code 


Process method 


Speed indicator unit 


Ir^trument device 


Drive record 
instrument 


Controller 


Internal processing 
by auxiliary contr Her 


Start relay 


Ignition device 


Ignition device 


Relay 




Wiper intermittent 
relay 


Electrical device 


Wiper circuit 


Controller 




Pre heater unit 


Heater device 


Pre heater 


Controller 




Auto mirror timer 


Miscellaneous device 


Auto mirror circuit 


Relay 


u 


Head lamp lower 
right relay 


Ught device 


Light circuit 


Relay 


M 


Power window one* 
touch unit (right) 


Electrical device 


Power window 


Controller 


** 


Power window one- 
touch unit (left) 


Eiectncal device 


Power window 


Controller 


.« 


Head tamp upper 
right relay 


Ugtit device 


Light circuit 


Relay 


44 


Battery relay 


Power device 


Power device 


Relay 


M 


Exhaust brake accel 
switch 


Electrical device 


Exhaust brake circuit 


Switch sensor 


Inout/Processinn at 
auxiliary controller 


Tacho sensor 


Instrum&it device 


Ir^trument circuit 


Pulse sensor 




Temperature switch 


Heater device 


Pre heater 


Switch sensor 




Oil pressure unit 


Instrument device 


Instrument circuit 


Veuiable sensor 


M 


Coolant temperature 
unit 


Instrument device 


Instrument circuit 


Variable sensor 


M 


Air tank low pressure 
switch 


Instrument device 


Instrument circuit 


Switch sensor 




T/M high switch 


Instrument device 


Instrument circuit 


Switch sensor 


M 


Seat tielt switch 


Instniment device 


Instrument circuit 


Switch sensor 


M 


Neutral switch 


Safety device 


Ignition device 


Switch sensor 




Fuel unit 


Instrument device 


Instniment circuit 


Variable sensor 


M 


Hand brake switch 


instrument device 


Instrument circuit 


Switch sensor 


M 


Temperature switch 


Air conditioner device 


Air conditioner circuit 


Variable sensor 


M 


Parking brake switch 


Instrument device 


Instrument circuit 


Switch sensor 


M 


Exhaust brake clutch 
switch 


Electrical device 


Exhaust brake circuit 


Switch sensor 


M 


Speed sensor 


Instrument device 


Speedometer circuit 


Pulse sensor 


M 


Split knob switch 


Electrical device 


Split device 


Switch sensor 
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Part 


Classification 


Device classification 


Distinguishing code 


Process method 


Air filter switch 


Instrument dex/icfi 


Instnimpnt cirrurt 




inniit/nrocposinn at 
amcHian/ eantraller 


Start sub switch 


Safety device 


Ignition device 




w 


neverse iiyni swucn 


ugni aevice 


nevcias iiyni circuii 






Tail lamp (right) 


Ught device 


Tail lamp circuit 


Lamp 


Control at auxiliary 
controller 


Brake iignt (lett) 


Ught device 


; : : 

Brake light circuit 


Lamp 




Brake light relay 


Ught device 


Brake light circuit 


Coil 




Reverse light 


Ught device 


Reverse light circuit 


Lamp 




Vehicle width Hght 
(left) 


Ught device 


Vehicle wfefth Hght 
circuit 


Lamp 




License plate light 1 


Ught device 


Ucense plate light 
circuit 


Lamp 


u 


Tail lamp left 


Ught device 


Tail lamp circuit 


tamp 




Operation light 


Miscellaneous device 


Operation light circuit 


Lamp 


u 


l-lead lamp tower 
right 


Ught device 


Ught circuit 


Lamp 


M 


Offferentiai lock 
magnetic vah/e 


Miscellaneous device 


Differential lock 


Coil 


** 


Fog light (right) 


Ught device 


Fog light circuit 


Lamp 


M 


IHeater heating plug 1 


Heater device 


Pre heater 


Resistor 


** 


Heater heating plug 2 


Heater device 


Pre heater 


Resistor 


w 


Head lamp upper 
right 


Ught device 


Ught circuit 


Lamp 


M 


Differential lock 
switch illumir\ation 
light 


Miscellaneous device 


Differential tocfc 
circuit 


Lamp 


M 


Light control drive 
light 


Ught control 


Ught control 


Lamp 




Actuator (right) 


Electrical device 


Door lock circuit 


Motor 


«4 


Head lamp tower left 


Ught device 


Ught circuit 


Lamp 




Bed heater 


Miscellaneous device 


Bed heater device 


Resistor 




Fuel cut-off magnetto 
valve 


Heater device 


Pre heater 


Coil 




Engine stop motor 


Cut-off device 


Cut-off device 


Motor 


M 


Cigarette lighter 


Miscellaneous device 


Cigarette lighter 
circuit 


Resistor 




Cap tilt motor 


Miscellaneous device 


Cap tilt 


Motor 


M 


License plate light 2 


Ught device 


Ucense plate light 
circuit 


Lamp 


M 


Head tamp upper left 


Ught device 


Ught circuit 


Lamp 


44 
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Part 


Qassrfication 


Device Classification 


Distinguishing code 


Process method 


internal ught 1 


Light device 


Interior (tght circuit 


Lamp 


Control at auxiliary 
controller 


Horn (right) 


Electrical device 


IHom circuit 


Coil 




Direction indicator 
rear left 


Ught device 


Direction light circuit 


Lamp 


ft 


Washer fluid pump 
motor 


Electrical device 


Wiper circuit 


Motor 


u 


Wiper motor 


Electrical device 


Wiper circuit 


Motor 




Rear parking * light 
right 


Light device 


Parking light circuit 


Lamp 


<* 


Power window switch 
illumination light (left) 


ElMtricai device 


Power window 


L3mp 


M 


Power window cnotor 
(left) 


Electrical device 


Pow^ window 


Motor 


M 


Ashtrav ilhjminatian 
light 


iWliscellaneoiis device 


Ashtrav circijU 


Lamp 




Air twnfiWtnnt*r OMntnl^ 

illumination light 


Air fVMtriitinn0r rfM#if*0 

f^t WWKUIUUIICSf UdrlbC 


Air cnnrlittnfVAr ^imfif 


1 amn 


M 


Ham 




nwiii ouuuii 


Hrtil 
wOiJ 




Bed heat^ switch 

nil inn in Aftnn linht 


Miscellaneous device 


Bed heater device 


Lamp 




A « ffntrrnr loft 
/MJlW iTUITQr loll 

mntnr-> lAft rinht 


iVIIaCclioncOUS 


r^uj iTiinwr circuii 


Motor 


•» 


Auto mirror right 


U 


- 




M 


Auto mirror left 
motor* UDoer lower 


- 


M 


u 


M 


Auto mirror rioht 
motor- upper, lower 




M 






Auto mirror heater 
(right) 




<a 


M 


M 


Auto mirror heater 
(left) 


u 


M 


U 


M 


Fan switcti 
illumination light 


Fan device 


Fan Circuit 


Lamp 


M 


Fan motor 


Fan device 


Fan circuit 


Motor 


M 


Fan actuator 


Fan device 


Fan circuit 


Motor 


(* 


Power window motor 
(right) 


Electrical device 


Power window 


Motor 




Front parking light- 
left 


Ught device 


Parking light circuit 


Lamp 




Brake light- right 


Light device 


Parking light circuit 


Lamp 


M 


Fog light- left 


Light device 


Fog light circuit 


Lamp 


M 



( (■ 
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Part 


Classification 


1 Device classification 


Distinguishing code 


Process method 


Vehicle width light- 
right 


Light device 


Vehicle width light 
circuit 


Lamp 


Control at auxiliaiy 
confroller 


Direction .indicator 
light' front left 


J — 


Direction light circuit 


Lamp 


4« 


Interior light 2 


u 


Interior light circuit 


Lamp 


M 


Interior light 3 


u 


u 


M 


H 


Interior light 4 




44 




u 


Interior light 5 


M 


M 


M 


M 


Interior light 6 




t» 


«4 


€» 


Direction indicator 
light- side right 


Light device 


Direction light circuit 


Lamp 


M 


Glovebox illumination 
light 


llluminatian device 


C^aa hav circuit 


M 


M 


Direction indicator 
light- side left 


Light device 


Direction lioht circuit 




M 


Front oarkina liaht- 
right 


Linht ilpvice 






M 


Rear parking light- 
left 


Light device 




M 


•4 


Split magnetic valve 


Electrical device 


Split device 


Coil 


M 


Auto glass pump 
motor 


Elecfrtcal device 


Auto glass circuit 


Motor 


44 


Direction indicator 
light- rear right 


Light device 


Direction tight circuit 


Lamp 


44 


Direction indicator 
nght- front right 


Light device 


Direction light circuit 


Lamp 


M 


Cornering lamp- left 


Light device 


Direction light circuit 


Lamp 




Cornering lamp- right 


Light device 


Direction light circuit 


Lamp 


•4 


Exhaust brake 
magnetic valve 


Electrical device 


Exhaust brake circuit 


Coil 


44 


Step tight 


Light device 


Step right circuit 


Lamp - 1 



[EFFECT OF THE PRESENT INVENTION] 

5 The effects of the present invention are as follows: 

A plurality of vehicles are connected to the network, and states, location, 
etc. are automatically and remotely analyzed to provide Information on optimal 
performance of the vehicles. 

All electrical devices of a vehicle are integrally and digitally controlled, 
10 and to provide a method in which a vehicle is separated into logic regions and 
ail parts of an automotive electrical device are divided into logic regions. 

Conventional wiring, connectors and electronic control units are not 
used, but instead parts of a vehicle are Independently provided such that repair 
and replacement are easily performed. 
15 Circuitry of the vehicle is not realized by the conventional method 

where parts are connected by wires, and instead is realized by each 
independent division and method being provided in a memory such that 
improvements to the vehicle can be easily made without consideration to the 
effect on various other parts. 
20 All malfunctions in an automotive electrical device can be automatically 

detected according to part, and all division information Is shared; to enable the 
• use. of an operating system in a central controller to, in tum, enable control -by- 
referencing integrated code data in the operating system, thereby allowing easy 
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development of an application program; to digitize an automotive electrical 
device to enable use of digital equipment such as computer software and 
hardware; and to enable the transmission and reception of automotive 
information through the Intemet such that integrated code data communication 
5 between vehicles themselves, vehicles and offices, etc. is possible such that 
states of a vehicle can be remotely checked, analyzed and controlled. 



